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(Hi:dlll'l" Hntio ('nnt"fll Valvt' 0pf\1I
nil RTl stnA't' or SfVH 200-Scl'i(ll-l
~tn,ltfl) ••••••••••••••••••••• , ••••••
'rhrulit T,WI'COHf' at AltitUlhl \{ith
Mixture Hntio Control Vnlvf' In
fj.O I<'tl~iJiC' Hixturf' Untill POf4itioll
(Hlxtllt'f' Hntio Control Vnlv('
('losl'd on ~IVIl IjOO-R('riflH ~ti'~(')"
Fu(1' 1 1"1 O\~"fk ttl I ncrt'UBl" (FnA'i nl'A

.J-202fj Thl'ouA'h ,J-2W;f») •• , •••••••••
Oxidi 7.1'1' Flowrnt.· 1 nCrf'fHIC"
(~:nA'inN~ ,J_202/j Throllj2;h ,J_20fjQ) ...
1"11 .. 1 'rW'llopurnp ,ipP£'l! J 11C'1'f'UQ('

(1'11~ i 11('/01 .J _202~ Thl'OllV.h ,J -20r;1) •••
Oxirli7.I'I' 7'ul'IJopump ~"l'f'd 11H'I'rnst'
(I'np;i IIl'A ,1 R2fl21j Through ,1 •.20r;Q) .•.
J 11_1'C'Hi Enp;i IH' Hi xtHt'1' Hab (J

HOJlI'ntnhi 1 i ty••••••••••••••••.•.••
I n-T(lst Fuel Pnmp SpC"('d
Ucpcntnbi 1 i ty•••••..•••• , •••.•••••
Thl'ust Deerensp (Engine8 .J-2021)
Th"oURh ,1-201'7) F•• t-Shlltdwn
Val v. ')';6970 (MIn9 ChauRo) or
')')6916 (Mnl~q Ch.nR.) .••••.•••••••
Thrust Tlocreaec (flnp;lneR ,J_20f,A
Throll~h J -20;9) Fa.t-ShutdoWll
Valvo ');7817 (MJJI'j11 Chong.) .......
Thrust IJpcrcnse r~:I\A'inpa .1-2060
Thro1t~h .1-2071 find ,J-207'1 Throuj2;h
,I _20B2) 1'0. t-Shut.down Vn Iv.
')')7H17 (MIll ')1, ('~al1g.), .
Thruat Decrease (Enp:ine8 J-2072,
,1-2071, amI J-20Bl aud Sub••qu.nt)
I'a.t-Shutd.wn Valvo 5')A127 (MlJ211
C:la!lge) ••.•.••••••••.••••.•••. -;-;-:.

H-2f)

H~"W

H-'1'1

,"!_'iOC

A-r.iOn

H_fjl,

8-,;6
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R-3825-1

INTRODUCTION

Introduction

Contents and Support Function
(

This manual Is one of the R-382 5- series tech
nical manuals prepared to provide official
Rocketdyne flelrt support documentation for the
operallon and malr.tenance of the ,1-2 Rocket
Engine, Part Numher 103826. Serial Numbers
J-2039-1through J-2152, and it~ related
ground support eq'llpment, designed and manu
factured by Rocketdyne, a dl vision of North
Ame:'lcan Rockwell Corpurallon, 6833 canoga
Avenue, canoga Park, california 91304. The
information In these manuals was prrparcd bi
Loglsllrs Product Support Department of
Rocketdyne.

The manuals are used to best advantag~ when
each manual Is current and complete (eee
flgure 1) and the purpose and scope of cach
manual Is known. The manuals In this serlcs,
and the nature of the data each provides, arc
found In the manuals' contents and support
fond~on chart.

Manual

1. J-2 MANUALS--THEIIl SUPPORT FUNCTIONS.

The eontcnts and support funcllon chart lists all
J··2 series technical manuals, describes the sup
port funcllon each manual serves, and lists the
section lilies of each manual. The chart also
explains how the technical data In each manual
relntes to the support of the engine and its
ground support equipment throughout a normal
enginc flow, as well as during unscheduled
maintenance tasks. Information appearing In
one manual is not duplicated in anothcl'. Thus,
Information on the descrlpllon, operation, and
maintenance of ground support equipment is In
R-3825-5. However, the Instructions for
servicing the en[{lne using ground support equip
ment are in R-3U25-3 and H-3825-lB.

Section pnd Tille

See detailed table of contents for
this manual.

(

R··3825-1
J -2 Rocket Engine
Data

R-3825-lB
J -2 Rocket Engine
Operating
Instructions

This manual contains a description
and theory of operation of the engine,
Its systems, and lis components; mass
properties and design load criteria,
Including engine weight, glmbaJed
mass, center of gravity, and n ,'ment
of Inerlla for the basic pnglne and Its
nccessories; and customer conneclions.
The manual serves to famillnrlze the
reader with the de&lp;n and operation of
the J -2 engine and s~rves as a training
aid document.

This manual contains authorized field
operating reqUirements that aflecl
flight englnes during their normal
flow from englne receipt through
vehicle launch, and those procedures
recommended by Rocketdyne that sup
port these requirements most effec
tively. Ali specific and gEmeral
reqUirements for activities to he
performed and acceptab11lty criteria
lor these activities are Included along
with the limits, special constraints,
safety precaullon&, nnd correct
sequonces reqUired to satisfactorily
aeeoil'pllsh the aell vllles.

I
II
III

Operallng Hequlrements
General ReqUirements
Operating Procedures

Change No. 10 - 22 February 1971 Ix



lntrodueti on

Manual

H-3825-3, Volullle I
,)-2 Hoeket Engine
Maintenance and
Hepalr

R-3825-3, Volume II
,) -2 Rocket Bnghl£'
Maintenance and
Hepah'

R-3325-1

Contents and SUI'port Function

This manual contains J'equlrenwnts
and procedures for handling; rom
ponent removal and instaliallon:
cleaning; post-n'atntenance test
requirements; the safety precautions
to be observed; and information on
the tools, materials, electrical
power, and pressurizing agents
necessary to perform the tasks.

This manual contatns requirements
and proeeduros for ~olilponont bench
testing and repatl'; the safety preca.,
tlons to be observed; and information
on the tools, materials, elcctrieal
power, and pressul'lzing agents
necessary to perform the tasks.

Section and Title

General Maintenance and
Repair

II Handling
III Component Hemoml and

Installation
IV Post- Ma Intenanee Test

Requirements
V Preparallon of Compo-

nents Hanelier Equip-
ment for Usc

VI In-Place Tube Welding

I Ail' Flller Valve
II Armored lL'll'ness
!lI Augmented and Coas

Generator Spark
Igniter Cables

IV Electrical Control
Assembly

V Flight Instrumentation
Package

VI fuel Turbvpulllp
VII Ileat Exchahger
VI1I Helium F111 Check Valve
IX ignition Detector Probe
X Insu\1l11on
XI Integral Hydrogen-Hell-Jill

Start Tank
XII Malnstage OK Pressure

Switch
XIII Oxidizer Turbopulllp
XIV Purge and Seal Drain

Check Vatves
XV Solenoid Valves
XVI Start Tank DIscharge

Valve
XVII Start Tank Re!lll Check

Valve Manifold
307599-41

XVIII Start Tank Support and
Fill Valve

XIX Thrust Chamber
XX Transducers
XXI Vent Port Check Valves

x Change No. 12 - 18 October 1972



Manual

R-382o-4
.J-~ Rocket Engine
Dluslrated Parts
Breakdown

R-3825-1

Contents and Support Funclloh

This manw.l cO'ltalns related lllus
trdt ID'IS and columnar IIstll\lis of
all p~rts of the engln~ that can be
replaced at field sites as deter
mined by the maintenance concept;
definitions and deslgrmtl(>Jls of
source, maintcrU'lllcc, repairability,
Interchangeability, and usable-on
codes; Informatlon pertalnlnl( to
retrofit modifications; identlfl
callon of next-higher assemblies;
Idenllficatlon of Refer('nce D"slg
natlon Indexes.

I
JI

Il1

Introduction

Section a,~d Tl~lc

Introduction
Group A5dcmbly Parts

List
NumerIcal Index

n· 3R2 5- 5, Volume I
.J-2 Rocket Engine
Ground Support
Ellu1pment Mainte
nance and Repair

This manua I conta ins a dcscrl1lllon
of c~,g:lnQ 8crvlclng-, handling-, and
test l;:ulpment; proccdul'cs for
performing maint0lL,nce and check
out tasks; and j"spectlon and mainte
nance requirements tables.

I Malntcnnnce and Hepalr
II Th:'ust Chamber Throal

Phil( Kit G3120
1Il Thrust Chamber Protec-

tlve Pad 0016705
IV Electrical OlCckout

Console GI037
V Fllaht Instrumentatlon

Checkout Console G10;' 5
VI Data Recorder Console

G3121
Vll Engilw Teut Plates;

Adapters. and Tools
VIII Extended n.IUlge Vlbratlon

Safety Cutoff Set GI038
IX Pneumatlc Console G3106
X Pneumatlc Flow Tesler

G3104
Xl Simulator l'ancI9024480-11
XII Components Test Console

G3107
X III Automatlc Inert Gas Arc

Welding Set G3128
XIV Single Head Special Tool

Ktt G3127
XV Propellant utllizatlon

Valve Voltage Adjust and
Monitoring Test Unit
0025664

Change No. 12 - 18 October 1,972 xi



Introduction

Manual

R-3325- 5,
Volume JI
,1-2 Rocket Engine
Ground Support
EqUipment Mainte
nance and Ropalr

R-3825-1

Contents and Support Function

This manual contains a description
of engine servicing, handling, and
test equlpmenl; {>:"occdures fo..
performing maintenance alld check
out tasks; and Inspection and
maintenance requirements tables_

Section and Title

I Mi8~el1aneous Toolf;
II Gab Generator High- Low

T~!nperature Cutoff Panel
01047

III Outboard Engine Restrainer
G4066

IV Fllm- Cooled Diffuser G4070
V Components Adapter Set

9016796
VI Llc;uld Nitrogen Service

Unlt 2425000
VII Electrical Interface Support

9024460
ViII Spark Monltor/Overspeed

Cutoff Panel GI04G
IX Component Sllngs
X Spark Monitor 1'urblne

OVCl pccd Cutoff Test
Set 9024499

XI ignition Detector Set
99-9026355

XII Components Malntena nce
Sets/Kits

XIII Vibration Safety OJtoff
Test Set 9024498

XIV Hot-Gas Temperature Trans--
ducers NA5-27323T4 and
NA5-27342T3

XV Ampllfler Mounting Panel
9024500

XVI Thrust Chamber Diffuser
installing Tool Kit
9025144

XVII Proof-Test Weights
XVIII Engine Handllng Sllngs
XIX TurlJopump Sllng
XX Propellanl Inlet Duct Null

Adjuster Set 9024540
XXI Inlet Due' Support I"rame

Installlllg Tool Kit fJ025150
XXlI Engine ;Jandler 04004
XXIII Engine VediC'll Installer

G4035
XXIV Tur!JojJump MatntAnauce

Sla nrJs
>·,·,:V TUI-bopulnp M2.1nl~nance Sets
XX~~f Sequence Controller and

Oxidizer He~t J:x~ha'lger8

Ilandlers
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Intl'oduction R-3825-1

USE YOUR MANUAL ONLY IF CURRENT
AND COMPLETE

Ma:'uals that a1 e not cdrrent and complete
arc not authoritati\'e documenb', ,••d arc not
to bc used, The following outlines L,e method
for determining whether your manuai is cur
rent and complete,

A. DETERMINING CURHENCY. To be sure
that yours Is the latest issue of the manual,
refer to Configuration Identification & Status
Report ,which is revised monthly and lists
the technical manual numbers, titles, unin
corporated supplements, ;i;ld latest change
Or revision dates. Your lIlanual must have
a lille page wilh lhe same 01' later dale than
the date showr. in the Configuration Identifi
calion & Status Report. Your manual must
also include the unincorporated supplements
listed iTl the Configuration Identification &
Status Heport, or if your manual is later than
shown in the report, the unincorporated sup
plements li3tedln the r.:anual Data Supple
ment Record In your manual. If your title
page incorporates two (tates as illustrated be
low, compare tlw change (lower) date. If your
manual is not current, obtain a current copy
thl'ough your techniLal manual supply system.

,-I

listed with thetr issue dates. Manual pages
that are dated must have thp. same date as that
appearing in the List 01 Eff.,ctive Pages for
that page. Unchanged pages are listed as
"original" and are not dated.

HOW TO KEEP YOUR MANUAL
UP-TO-DATE

As design changes are made to the roeket en
gine and ground support equipment and better
methods of malr.tenance are discovel'cd, your
manual is periodically changed, ,'evised, or
supplemented. Tlw following steps will help
you keep your manual up-to-date:

A, CHANGES. Updating oy adding to Or par
tially replacing existing pages is defined as
a cha•.tle. Changes can be identified by the
changc notice en the new title page>.

To collaie a change, rerer to the ftlin!llnstruc·
lions sheet Issued with the manual antll,roceed
'15 follows:

1. Remove the pages listed in the "Remove"
column of the Fllln!l IlIRtroctions sheet
from the manual and destroy them. Do
not concern yourself with the data on the
opposite side of the deleted page since,
If this date Is not dEleted, Il Is rpplaced
in the change package.

B. IJETERMINlNG COMPLETENESS. To
be sure that your manual Is complete, make
a page-by-page comparison of its pages to
those I; -ted in the List of Effectlve Pages.
The List of Effective Pages, which shows the
change status since the basic issue or last
revision, is found On the alphabetically let
tered pagels) immediately (ollowing the title
pal~e. All pages, except supplements, are

2. Insert all pages Hsted tn the "!nsert"
column of the Filing Instructions sheet
In sequence. Pages with a suffix letler
are inserted In alphabetical order follow
Ing the page wllh the same basic number;
for example, pages 3-14A, 3-1413, etc,
follow page 3-14.

GEN-NASA-IA

Figure 1. He'll to Maintain Your Manual (Sheet 1 of 2)
xlv Change No. 12 - 18 October 1972



H-3825-1 Introduction

1. If you arc unsure of the status of ~ny

page or pages, refer to the List of Effec
tive Pages and make sure your manual
contains pages (with the corresponding
change dates)listed in lhc List of Ellec
tive P'Iges.

4. Remove manual supplt'nwnts that have
been incorporated.

NOTE

ltlcorporati,d supplelllents can bc
determined by reviewing lhe newly
:ssued Manu.l1 Dala Supplement
Record.

B. REVISIONS. Updating by replacing all
the exisl ing pages of a manual is defined as
a revi.sion. Revh:iions can be identliwd by the
"eplacement notice on the new title page.

1IIlI<Il\lt<ll

C. SUppLEM;;:NTS. Updating that aulhor
izes the addition to, or lJteration of, the ex
isting data in your manual is delined as a
Manual Data Supplement. Information on hOI"
to insert supplements lS found in the supple
ments.

HOW TO KEEP ABREAST OF THE LATEST
CHANGES TO TECHNICAL DATA

Changes and/or additions to technkal data
are identified by a vcrtical bar (chanl(e bar)
in the margin of thc page adjaccnt to thc
changed data. A dircct comparison betwccn
the new (identified by the chanf(c bar) and the
old data will help you in identifyinl; specific
~Jjangcs made.

To collate a revision, Vl'oceed as follows:

I. Hemove and destroy all existulf( pal(CS of
your manual except Manual Data Supple
ments that have not been incorporated.

NOTE

Unincorpol'ated supplements can be
identified hy reviewing the Manual
Data Suplllcmcnt Hecol'd suppll",)
in the revi~ion.

2. Inscrt the new pages in your covel'.

m;N-NASA-2

Figure I. !low to Malrtain Your Manual (Sheet 2 of 2)
Change No. 7 - 4 D,!cemhcr 1969 xv



Introduction H-3325-1

2. mNFIGURATION IDENTIFICATION.

EQUIPMENT CONFIGURATION. The MD
Identification symbol and the equipment model
designation indicate the configuration of the
equipment and distinguish It from models in
corporating different changes and from basic
models. A basic, unchal\ged configuration of
the equipment has no MD Identification symbol.
MD identification symbols are added as changes
affecting configuration are incorrorated into
the equIpment. The MD Identification symbol
is stamped on the !'vID plate, which is mounted
near the engine nameplate.

MD IDENTIFICATION SYMBOLS. The MD
Identific~.tion symbol Is a composite number
representing all the changes affecting config
uration (MD changes) that are Incorporated or
not Incorporated intu thc equipment. The
symbol represer.ts a consecutively numbered
series of MD changes. Any MD change, or
series of MD ct anges, not incorporated Is
represented by an "X." Multi-digit numbers
are underlined. Two figures together represent
Ihe l!mlts of a sl'ries of incorporated MD
changes. Figure 2 illustrates how MD changes
Incorporated In the eqnipment arc represcnted
by the MO identification symbol.

MANUAL REFERENCE. A reference that
appears In the manual may refer to a series of
MD chal1gcs or to an individual MD change: fOi'
example, "M09" refe,s to MOl through MD9,
but "M09 change" refer ,0 the individual MD
change 9. This latter type of rcfe.cnce, which
Is lllustratea In figure 2, identifies separatl'
sets of Information required by differences in
configuration. When an MD reference appears
in this manu.~l. examine the MD Identification
symbol on the equipment to determine which
set of information is applicable.

3. CONFIGURATION CHANGES--MANUAL
EF FECTTVITY.

All approved ECPs (Engineering Change Pro
posals) and associated MO numbers applicable
to the equipment covered In this manual are
listed in flg1.1re 3. The date in the last column
Is the publication <late of the manual during which
t:le ch.Ulge m"de by the ECP was Incorporated.
When N/A ;s entered, the ECP does nOI change
the data in the manual. Engine configuration
information is In R-5788, Saturn J-2 Config
Ul'ation & Status Heport. EII!\ine serial numbers
within this manual are II' accordance with
Hocketdyne J-2 engine designation.

Mn CHANGES rNCOh.PORA.TED

1 2 6 7 6 9 lQ U JJ-r-r-I I I -I~ I T-
MD lDEN7trrt.:ATION' SYMBOL

I I I I ! I I I
Mf)9 •

I I I I I I I I
MD4X78Xt9~

II I I I I I I
MIlX69X!! -I I I I I I I I

MANUAL REFgRENCE

I I II I I I
MD9

I I I I I I I I
MU9 CHANGE -I I I I I I I I
MOil

I I I I I I I I II
MD~ CIJANG~

I L-l...-L-I I I I~
NOTE: A }{ORIZONTAL UNE WITHIN 'tile CHi\RT iN01CATF.S THE MO

CHAl'lGE REFERRED TO IN TIfE sYMBOL OR Itf:FERE:NCE At
THE I.EFT.

GEN-63D

Figure 2. M/) System
xvi Change No.1 - 4 Decomher 1969



R-3825-1 Introduction

Approved Incorporated Approved Incorporated
ECP MD in Manual ECP MD in Manual

Number Number Dated Number Number Dated

J2-12 1 N/A J2-95 20 31 December 1964
J2-13 1 N/A J2-96 72 N/A
J2-14 3 N/A J2-97 25 13 May 1965
.12-15 1 N/A .12-99 14 18 .Iune 1964
J2-17 5 N/" J2-100 10 31 ·December 1964
J2-18 6 18 .Iune 1%4 .12-101 27 N/A
J2-19 5 18 .Iune 1964 J2-102 38 N/A
.12-20 64 18 .June 1U64 .J2-103 a N/A
J2-20Ht N/A .12-105 26 N/A
J2-24 8 18 June 1964 J2-106 --9 18 June 1964
.12-26 9 18 .Iune 196'. .12-107 42 N/A
J2-31 9 18 .Iune 196·! .12-108 37 26 February 1965
,)2-33 77 N/A .12-109 "3 N/A
,12-36 1 N/A J2-110 36 18 June 1964
J2-39 8 NIp. .12-112 "13 N/A
J2-41 2 NIl> J2-113 ~-4 18 June 1964
J2-44 61 18 .Iune 1964 .12-115 32 N/A
.J2-44Hl N/A J2-117 9 N/A
J2-45 3 N;A J2-121 9 N/A
.12-46 5 N/A .12-122 8 N/A
J2-47 10 18 June 1964 J2-123 43 ~:/A
J2-48 28 18 June -,964 J2-124 60 N/A
.;2- 51 16 iliA ,)2-125 56 N/A
J2- 52 '-f l ../A ,J2-126 -3 N/A
,J2-55 7 18 June 1964 .12-127 26 16 June 1964
J2-57 11 N/A ,J2-12& 53 N/A
J2-62 -9 18 .Iun', 1964 J2-129 40 N/A
J2-1J3 77 N/A J2-130 - '3 N/A
J2-64 g- 18 ,Iuno 1964 J2-139 23 26 February 1965
.12 - 66 26 18 ,IUle 1964 J2-·140 IT 18 June 1964
J2-67 14 18 Jl'ne 1964 .12 -141 -0 N/A
J2-69 77 N/A J2-148 9 N/A
.12-74 70 13 ~Iay 196:> .12-147 9 N/A
.12-75 18 N/A .12-151 11 5 May 1965
J2-76 56 13 May 1965 J2-152 'r9 5 May 1965
J2-77 17 13 May 1965 .12-154 23 18 May 1964
.12-78 20 Ie .IU.l'! 1964 J2-157 44 N/A
.12-79 55 2'J February 1965 .J2-158 51 N/A
J2-80 Ii 18 .Iunc 1964 .12-159 23 N/A
.12-81 9 18 June 1964 J2-160 47 N/A
.12··82 70,109 13 May 1965 J2-161 68 26 February 1965
J2-84 ----48 --, N/A .12-161Hl N/A
.12-85 8" 18 June 1964 ,12-161R2 N/A
J2-86 26 18 .JUll<' 1964 J2-163 54 18 .Iune 1964
J2-87 23 N/A .12-164 37 N/\
.12-88 jj N/A .1,~-166 45 N/A
.12- 90 8 N/A J~l-167 46 N/A
J2-91 49 N/A .12-172 59 2(1 February 1965
.12 - 92 '8 18 June 1964 ';2 .. 173 '3 Hi ,fu.le 1964
J2-94 77 18 June 1964 .J2-174 57 13 May 1965

Fig',re 3. Configuration Changes--Manual Efleellvlty (Sheet 1 ,,16)
Change No.7 - 4 December 1969 xvii



Introduction R-3825-1

Approved Incorporated Approved Incorporated
ECP MD In Manual ECP MD In Manual

Number Number Dated Number Number Dated

J2-181 9 N/A J2·268 9 N/A
J2-185 80 N/A J2 -~ 71 186 N/A
J2-1~6 6!i N/A -12-271Rl N/A
J2-188 "3 N/A J2-271R2 N/A
J2-191 64 13 May 1965 J2-271R3 N/A
J2-191Rl N/A J2-280 56 26 February 1965
J2-195 ~~,~!!. 6 August 1965 .J2-281 9 N/A
J2-195Rl N/A J2-284 101 N/A
J2-195R2 N/A J2-285 58 N/A
J2-195R3 N/A J2-286 -3 N/A
J2-195R4 rI/A .12-287 9 N/A
J2-196 9 N/A J2-288 3 N/A
J2-198 3 N/A J2·289 9 N/A
.12-199 97 N/A J2.290 9 30 April 1965
J2-200 23 18 June 1964 J2-293 105 26 February 1965
J2-202 37 31 December 1964 J2-296 -3-5 N/A
J2-204 56 N/A ,T2-296Rl N/A
J2·207 a1 December 1964 J2-298 -2Q, 129 N/A
J2-218 56 13 May 1965 .12-298R1 N/A
J2·226 "3 N/A J2-300 107 N/A
J2-227 99,104 31 December 1965 J2-303 56 N/A
J2·229 --loli- N/A J2·306 9 N/A
J2-229Rl N/A J2-307 9 N/A
J2·232 9 N/A J2-308 56 N/A
J2-235 58 N/A .12-310 137 25 October 1965
J2-236 7i N/A J2-310Hl N/A
J2-240 -3 18 June 1964 J2·31OR2 N/A
J2-241 86 18 June 1964 J2-312 9 N/A
.12-243 19 4 September 1964 J2-313 119 };jA
J2-246 -3 N/A .12-315 70 N/A
J2-247 76 N/A J2-316 f9 13 May 1965
J2-248 106 13 May 1965 n-3!7 9 13 May 1965
J2-249 -84 N/A J2-318 153 6 August 1965
J2·250 87 N/A J2-318Rl

-
N/A

J2-251 78 a/A J2-319 123 N/A
J2-252 56,94 N/A .12-319R~

--
N/A

J2-254 _~8,9f 16 February 1968 J2-319R2 N/A
J2-254Rl N/A J2-320 100 16 February 1988
J2-254R2 N/A J2·320Hl N/A
J2-254R3 N/A J2-321 118 N/A
J2-254R4 N/A J2·322 U6 N/A
J2-255 B..8,!87 16 February 1966 J2-329 I:l3 6 August 1965
J2-255ERI N/A J2-329Rl N/A
J2-255EH2 N/A J2-329R2 338 1.- June 1969
J2-255ER3 N/A .12-330 -88 N/A
J2-255ER4 N/A J2-331 11'7 N/A
J2-255EH5 N/A J2-331Hl N/A
J2-257 9 N/A J2-332 9 N/A
J2·259 64,92 31 December 1964 J2-333 141 N/A
J2-260 _3~ ,§!' 85 N/A J2-333H1 N/A

Figure 3. Conflgurallon Changes--Manua1 Effectivity (Sheet 2 of 6)
xviii Chanv,e No. 7 - 4 December 1969



R-3825-1 Introduction

.--
Approved Incorporated Approved Incorporated

ECP MD In Manual ECP MD in Manual
Numbe~ Number Dated Number Number Dated---

J2-338 , , N/A J2-J90 143 N/A
J2-340 --9 N/A J2-390Rl N/A
J2-341 120 26 February 19G~ J2-391 88 N/A
J2-345 §6,!25,126 N/A J2-391Rl N/A
J2-345R1 N/A J2-394 148 6 August 1965
J2-347 121 N/A J2-39Wl N/A
J2-348 1"22 13 May 1965 J2-39[i 146 25 October 1965
,12-350 -15 N/A J2-39[iRI N/A
J2-350Rl N/A J2-397 156 N/A
J2-351 124 N/A J2-39!1 ill N/A
J2-351Rl N/A J2-39!1R1 N/A
.T2-352 56 N/A J2-39!1 ~63,167,202 16 February 1966
J2-359 14-0 N/A J2-39!IRI N/A
J2-359Rl N/A J2-399R2 N/A
J2-360 139 N/A J2-399R3 N/A
J2-360Rl N!A J2-399R4 N/A
,T2-360R2 N/A J2-401 152 N/A
,)'2-361 30,127 N/A J2-403 157 N/A
J2-362 13f-- N/A J2-403Rl N/A
J2-363 138 N/A J2-403R2 N/A
J2-363Rl N/A J2-404 88 N/A
J2-364 132 N/A J2-405 2~ 17 August 1966
J2-365 142 N/A J2-405Rl N/A
J2-366 128 6 August 1965 J2-405R2 N/A
J2·367 -10 N/A J2-407 88 N/A
J2-368 130 N/A J2-408 155.227. 6 August 1965
J2-368Rl N/A .J2-408Rl N/A
J2-369 151 16 February 1966 J2-409 166 N/A
J2-369R1 N/A J2-40!IRI N/A
.J2-369R2 N/A J2-40!lR2 N/A
.J2-369R3 N/A J2-41O 160 6 Al1gust 1965
J2-369R4 N/A J2-41ORI N/A
.J2-370 _1_50, 2~0, 281. 6 August 1965 J2-41:ii 159 N/A
J2-370Rl N/A J2-41:1 161 N/A
J2-370R2 N/A .J2-4l:lRI N/A
J2-371 70 N/A J2-4H 174 25 October 1965
J2-372 134 N/A J2-414Rl N/A
J2-376 -135 N/A J2-41.4R2 N/A
J2-3JO 136 N/A J2-415 pO,_199,200 16 February 1966
J2-382 13-6 6 August 1965 J2-415Rl N/A
.T2-383 158 N/A J2-415R2 N/A
J2-383R1 N/A J2-415R3 339 N/A
J2-387 14.!!, 154 25 October 1965 J2-416 16.4, 165 N/A
J2-387Rl N/A J2-416Rl N/A
J2-387R2 N/A J2-417 173 N/A
J2-387R3 N/A J2-419 168,169 N/A
J2-387R4 N/A J2-421 172- 6 August 1965
J2-388 16d N/A J2-421Rl N/A
J2-38C 144 N/A J2-422 171 16 February 1966
J2-389Rt N/A J2-423 N/A
J2-389R2 N/A J2-426 185 16 February 1966

Figure 3. Configuration Changes--Manual Effectivity (Sheet 3 of 6)
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Introduction H-3825-1

Approved Incorp"rated Approved Incorporated
ECP MD In Manual ECP MD In Manual

l~umber Number Dated Number Number Dated

J2-428 194 16 February 1966 J2-471Rl N/A
J2-429 185 16 February 1966 J2-471R2 N/A
J2-430 Fi2 16 February 1966 J2-472 193 3 May 1966
J2-430Rl N/A J2-474 ~5~_~31,245 3 May 1966
J2-430R2 N/A J2-4'14Rl N/A
J2-430R3 N/A J2-474R2 N/A
J2-431 177 25 October 1965 J2-474R:J N/A
J2-431R1 N/A J2-474R4 N/A
J2-431R2 N/A J2-474R5 N/A
J2-432 176 N/A .12-475 3 May 1966
J2-433 1'7"8 25 October 1965 J2-475Hl N/A
J2-434 1.80,181 25 October 1965 J2-475R2 N/A
J2-435 179- 16 February 1966 J2-476 196 N/A
J2-435H1 N/A J2-476Rl N/A
,12-437 J92., 246 18 May 196'1 .12-476R2 N/A
J2-437Rl N/A J2-476R3 N/A
J2-437R2 N/A J2-477 23~,310 N/A
J2-438 185 N/A J2-477HI N/A
J2-440 201 25 October 1965 .12-477R2 N/A
J2-445 172 N/A J2-4'19 ~0.!l.,232 N/A
J2-449 ill 25 October 1965 J2-479R1 N/A
J2-449Rl N/A .J2-479R2 N/A
J2-451 172,206 17 August 1966 J2-479H3 N/A
J2-452 184-- 16 February 1966 J2-481 217 N/A
J2-455 188,1.9!l. 16 February 1966 J2-482 222 N/A
.12-455R1 N/A J2-482Hl N/A
J2-455H2 N/A J2-483 .!~~,225,292 rr/A
.12-455R3 N/A J2-483Rl N/A
J2-458 191 16 February 1966 J2-483R2 N/A
J2-458Rl N/A J2-483R3 N/A
J2-459 205 16 February 1966 .12-·193H4 N/A
J2-459Hl N/A J2-485 N/A
.12-459R2 N/A .12-488 208 N/A
J2-461 204 17 August 1966 J2-488Rl N/A
J2-461R1 N/A J2-489 185 N/A
J2-461R2 N/A J2-489H1 N/A
J2-463 189 16 February 1966 J2-489R2 N/A
J2-4R5 190;-:334 16 February 1966 .J2-492 223 18 May 1967
.12-465R1 N/A .12-492H1 N/A
.12-466 239.,310 N/A J2-492R2 N/A
.J2-466Rl N/A J2-492H3 N/A
J2-466R2 N/A J2-493 185 N/A
J2-467 212 N/A J2-494 2I1i N/A
J2-468 172 3 May 1966 J2-495 207 N/A
J2-468Hl N/A J2-496 203 N/A
J2-469 195 N/A J2-497 213 N/A
J2-469Rl N/A J2-497Hl N/A
J2-470 211,319 3 May 1966 J2·499 N/A
J2-470Rl N/II J2-499R2 N/A
J2-471 212,22.§. 16 February 1966 .12-500 2011 3 May 1966

-----
Figure 3. Configuration Changes--Manual Blf2cllvlty (Sheet 4 of 6)
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R-3825-1 Introduction

Approved Incorporated Approved Incorporated
ECP MD In Manual ECP MD In Manual

Number Number Dated Number Number Dated

J2-501 3 May 1966 J2-553R1 347 18 ·June 1969
J2-501R1 N/A J2-n55 264 N/A
J2-u01R2 N/A J2-556 N/A
J2-505 214 3 May 1966 J2-557 249 N/A
J2-507 m 17 August 1966 J2-558 258,261, 321 N/A
J2-507Rl N/A J2-558R1 N/A
.12-510 218 N/A J2-559 N/A
J2-511 ill N/A J2-560 N/A
J2-511R1 N/A J2-561 273 N/A
J2-513 221 3 May 1966 J2-564 253 N/A
J2-513R1 N/A J2-566 m N/A
J2-514 ~/A J2-566R1 N/A
J2-522 N/A J2-n67 275 29 November 1967
J2-522Rl N/A .J2-567R1 N/A
J2-522R2 N/A J2-568 271 29 November 1967
J2-523 233 17 August 1966 J2-570 '294 N/A
J2-524 m N/A J2-571 239 N/A
J2-525 m 18 May 1967 J2-571R1 N/A
J2-525R1 N/A J2-575 25~,267,278 18 May 1967
J2-527 238,248 18 May 1967 J2-575Rl N/A

250,290 J2-575R2 N/A
J2-527R1 N/A J2-575R3 N/A
J2-527R2 N/A J2-575R4 N/A
J2-527R3 341 N/A J2-5"3R5 N/A
J2-528 N/A J2-576 N/A
J2-528R1 N/A J2-577 N/A
J2-529 230 N/A J2-577R1 N/A
J2-l>31 243 N/A J2-577R2 N/A
J2-532 270 N/A J2-577R3 N/A
J2-532Rl N/A J2- 580 N/A
J2- 538 244 18 May 1967 J2-581 257,318 N/A
J2-538Rl. N/A J2-581R1 N/A
J2-540 240 N/A J2-581R2 IS/A
J2-541 N/A J2-581R3 N/A
J2-541R1 N/A J2-582 259 N/A
J2-542 242 N/A J2-587 m N/A
J2-544 236 N/A J2-588 2153-;274 20 September 1967
J2-545 m N/A J2-588H1 N/A
J2-548 2""43 N/A J2-588R2 N/A
J2-546R1 N/A J2-588H3 355 18 June 1989
J2-547 241 N/A J2-589 N/A
J2-547Rl N/A J2-590 260 N/A
J2-547R2 N/A J2-590Rl N/A
J2-548 237 N/A J2-590R2 N/A
J2-549 m 18 May 1967 J2-590R3 N/A
J2-550 262" 10 July 1968 J2-590R5 18 June 1969
J2·-551 276,277 N/A J2-592 272 20 Septembe.· 1967
J2- 551R1 N/A J2-594 ~~2G~}279, 20 September 1987
J2-552 251,252 N/A 282,296,~13,
J2- 5R3 25-r- 18 May 1967 314,315 -'-

}"Igure 3. COl'llguratlon Changes--Manual Effectivity (Sheet 5 of 6)
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Introduction R-3825-I

Approved Incorporated Approved Incorporated
ECP MD In Manual ECP MD In Manual

Number Number Dated Number Number Dated

J2-594Rl N/A J2-641 348 N/A
J2-594R2 N/A J2-642 18 June 1969
J2-594R3 N/A J2-643 327,328,329 18 June 1969
J2-598 266 N/A m,m,'m,
J2-599 m N/A mm~

~,~

J2-599Hl N/A J2-643Rl 18 June 1969
J2-599R2 N/A J2-643R2 18 June 1969
J2-600 239 . N/A J2-645 N/A
J2-601 21i3 29 November 1967 J2-646 337 N/A
J2-601Rl N/A J2-647 ro- N/A
J2-602 284 ,~8.E. N/A J2-647Rl N/A
J2-602Rl N/A J2-649 18 June 1969
J2-6uJ 286 N/A ,12- 650 18 June 1S69
J2-603R1 N/A J2-651 N/A
J2-603H2 N/A .J2-652 18 .June 1969
J2-604 N/A J2-653 4 December 1969
J2-605 287 29 November 1967 J2-654 346 N/A
J2-606 m 10 July 1968 J2-655 18 June 1969
J2-606Rl N/A J2-656 354 N/A
J2-607 288,289,290, N/A J2-657 353 N/A

297,298,299, J2-657Rl N/A
305,306,307 , J2-657R2 N/A
J01f, 3"llV,3"52" J2-659 358 N/A

J2-607Rl N/A J2-662 360 N/A
J2-bJ7R2 N/A J2-666 359 N/A
J2- 608 300 N/A J2-666Rl N/A
J2-6l2 293 29 November 1967 J2-666R3 4 December 1969
J2-612R1 N/A J2-668 361 18 June 1969
J2-613 N/A J2-671 4 December 1969
J2-616 303, 304 29 November 1967 J2-675 362 N/A
J2-618 270 N/A J2-689 36D66 25 May 1971
J2-620 295,301,302, 29 November 1967 J2-689Rl ---- N/A--- J2-689R2 371322, 323 25 May 1971
J2-620Rl N/A J2-689R3 N/A
.J2-620R2 N/A J2-694 363 N/A
.12-620R3 N/A J2-694R2 363,373,374 N/A
J2-621 311,312 N/A J2-695 -3G4- 7 May 1970
J2-624 3f6,3 (7,320 10 July 1968 J2-697 367,368 N/A
J2-624Rl 342,351 18 June 1969 J2-700 370 N/A
J2··624R2

-- N/A J2-704 372 22 February 1971
.J 2- 627 N/A J2-708R1 380;381 18 October 1972

IJ2-711 -- N/A.J2-631 325 N/A 376
J2-632 N/A J2-714 377,378,379 N/A
J2-633 340,349,350 18 June 1969 .12-717 - 383,384 18 October 1972
J2-634 N/A
J2-636 333 N/A
J2-636H1 N/A
J2-637 335 18 June 1969
J2-640 336 N/A
J2-640Rl N/A

Figure 3. ConIlguration Changes--Manual Effectivity (Sheet 6 of 6)
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4. ABBREVIATIONS.

The following abbreviations appear through
out this manual:

Introductl.on

ASI
ECA
Fl
GG
HB

Hz

KSC
Mis
MFV
mm Hg
MOV

I MRCV
MTF
MR
NASA

NPSH
OTBV
Pc
PU
SAc/MDAC

SB
SIC
STDV
VAB
VSC

Augmented spark igniter
Electrical control assembly
Flight instrumentation
Gas generator
Huntington Beach (McDonnell

Douglas Corporation)
Hertz (frequency in cycleR per

second)
Kennedy Space Center
Mainstage
Main fuel valve
Millimeters of mercury (vacuum)
Main oxidizer valve
Mixture ratio control valve
Mississippi Test Factllty (NASA)
Mixture Ratio
National Aeronautics and SpitCe

Admlnistrativn
Net ponltive suction head
Oxidizer turbine bypasll valVE'
Chamber pressure
propellant utilbation
Sacramento Test Site (McDonnell-

Douglas Corporation)
Seal Beach (Space Division)
Spark Igniter cable
Start Tank discharge valve
Vertical Assembly Building (KSC)
Vibration safety cutoff

Change No. 10 - 22 February 1971 xxitt/xxiv
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SECTION I

DESCRIPTION AND OPERATION

Section I
Paragrapl,s 1-1 to 1-9

I-I. SCOPI<.. This section contains general
description of the J-2 rl'cket engine and a
detailed description of eaeh subsystem and
'.aglna ~omponent. Engine operation is
C:es~rlbed from engine start through cutoff.

1-2. J-2 ROCKET ENGINE.

1-3. The J-2 rocket engine (figure 1-1) Is a
high-performance, multiple-restart engine that
uses liqUid oxygen for oxidizer and liquid hydro
gen for fuel. Each propel1ant is pumped into
the thrust chanlber by separate gas-turblne
driven, direct-drive turbopumps. The two
turbopumps are powered in series by a single
gas generator that uses the same propel1ants
as the thrust chanlber. The thrust chamber is
tubular-walled and is regenerati vely cooled by
circulating fuel thr()ugh the tubes before the
fuel is injected into the combustion area. The
engine has a reflllable start tank from whtch
pressurized gaseous hydrogen Is routed to the
turbopump tuI blnes for starting the engine.
This feature, combined with the augmented
spark ignition system, makes the .1-2 a multi
start engine. Average performance parameters
and major components weights for the engine
are in figure 1-2.

1-4. J-2 ENGINE APPLICATION AND
RELATED CONFIGURATION.

1- 5. The J - 2 rocket engine was developed to
prOVide the power for the SIVB Rtage of the
Saturn 1B vehicle and for the SIl and SIVB ~tages

of the Saturn V vehicle. (See figure 1-3.)

1-6. The SJI stage Is propelled by a cluster of
five .. - 2 engines, four outboard engines and one
Inbo'.rd engine. Because only a single engine
start Is required for SIl stage applicatioll, the
engines are modlfled to delete the engine restart
capability by blocking off the start tallk refil!
lines. The inboard and outboal'd engines are
basically Identical, except that the InbOard en
gine has slage-provlded Inlet duct!', tile hydrogen
tank pressurization tapoff on the thrust chamber
fuel injection manifold Is not used, and the stage
provIded hytiraulic pump Is nol Installed on the
oxidizer lurbopump accessory drive pad. Earh

engine is attached to the stage structure by the
gimbal assembly. The Inboard engine Is stabi
lized by fixed struts connected to the thrust
chambel' gimbal actuator attach points. The
outboard engintB have stage-provlcled gimbal
actuators that gimbal the engines to provide
pitch, yaw, and roll movements to the vehicle.
Hydraulic pressure for operation of the gimbal
actuators Is supplied by a stage-prOVided hy
draulic pump mounted On the accessory drive
pad located on the turbine exh:Iust ma'llfold of
the oxidizer turbopump.

1-7. The SIVB stage Is propelled by one J-2
engine. The engine used In the Saturn IB, SIVB
slage and the engine used In the saturn V, SIVB
stage are basically Identical, except that the
eng,ne used In tha Saturn IB, SIVB stage is
modified to delete the engine restart capability
by blocking off the start tank reflll lines. The
SIVB stage routes stage- supplied helium Instead
of engine-supplied oxygen through the engine
heat exchanger lor oxidizer tank pressurization.
The heat exchanger antiflood check valve and
the oxidizer supply line are removed II'om the
engine and a blanking plate Is installed on the
high-pressure duct. The engine is attached to
the stage structure by the gimbal assembly.
Stage-provided gimbal actuators are connected
to attach points on the thrust chamber. The
actuators gimbal the engine to provide pitch
lUld yaw movements to the vehicle.

1-8. ENGINE PHYSICAL DESCRIPTION..

1-9. The J-2 rocket engine (figure 1-1) Is
within an envelope 80.75 Inches in diameter
and 133 Inches long and weighs approximately
3,492 pounds dry. Thrust vector Is achieved
by glmballng the entire engine. The gimbal Is
installed at the center of the thrust ch:unber
Injector dome, and gimbal actuator attach points
are located on the thrust chamber body. The
rocket E'ngine comprises the propellant feed
system, gas generating system, start system,
ignltlon system, conlrol system, purge system,
and the fllght instrumentation system. (See
figure 1-4.)

Change No. 10 - 22 February 1971 I-I
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1-2

FUEL INLET

DUCT
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TUHBOPUMP

TURBINE

EXHAUST DUCT

HEAT

EXCHANGER
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_;AHIFOI.D

FUEl,

MMIIFOLD

Figure 1-1. J-2 Rocket Engine (Sheet I of 2)
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I

ANT/FLOOD

OX]DIZER

DLEEb
VALVE

Fi_re 1-1. J-2 Rocket Engine (Sheet 2 of 3)
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Section I

Average Performance PllI:ameters (230K Engines)

I
Thrust (Altitude)

Specific Impulse

Oxidizer ~'Iowrate (L02)

Fuel!'" vrate (LH2)

Mlxlurl' allo

Fuel PUnlp Speed

Oxidizer Pump Speed

Fuel Pump Outlet Pressure

Oxi<llzer Pump OUliat Pressure

Thrust Chamber Pressure (Injector)

Gas Generator Pressure (Injector)

230,000 pounds

425 seconds

468 Iblsec - 2,a65 gpm

84 Iblsec - 8,587 spm

5.5:10/F

2'/,167 rpm

8,698 rpm

1,251 pala

1,108 psla

'180 psla

682 psla

Major Components W"I!:hts

Gimbal Bearing (WHhoul 13001 and
Altached Hardwpre)

Thrust Chamber Injeclor Dome

Thrust Chamber Body

Fuel Turbopump

Oxidizer Turbopump

Fuel Turbine Exhaust Duct

Heal Exchang,'r Duct

Fuel Turbopuml' Inlet Duel
(Haynes 25 (L 605) Belhms)

Fuel Turbopump Inlel Duel
(Inco 718 Bellows)

Oxidi~er Turbopump Inlet Duct
(Haynes 25 (L 605) Bellov's)

Oxidizer Turbopump Inlet Duct
(Inco 718 Bellows)

Integral Hydrogen-Heltum Start
Ta,nk (Insuhted)

Main OxIdizer Valve

Main Fuel Valve

Weight
(lb)

77

213

8&1

418

304

73

104

136

111

121

94

80

32

24

Major Components Welghte

Gao Generator Control Valve

Fuel Bleed Valve

Oxidizer Diced Valve

Start Tank DIscharge Valve

Oxidizer Turbine Bypass Valve

Mixture Rallo Control Valve

Slart Tnllk Dleullarge Valve !lose

llIgh-Pr~ssuroOxidizer Ducl
(With Flowmoter)

IlIgh- Press'lre ~"l.Iel Duct (WlI11
Flowmeter and Insulated)

Primary I.,strumentatlon Package

Auxlllary Instrumentation Package

Electrical Conlrol Assembly

Hultum Hegulator Aseembly
(Pneumallc Conlrol I'acka[(e)

Weight

-~
21

12

12

28

19

25

17

64

74

33

29

58

20

Flguro 1-2. Average Engine Performance Parametere and MaIoI' Components Wetghts
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Figure 1-3. J-2 Engine Application
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Fi_.re 1-4. J-2 En_ne Schematic



R-3825-1 Section r
Paragraphs 1-10 to 1-17

1-10. I-ROPF.LLANT FEED SySTEM
DESC~JPT!2.!i:

1-11. The propellant feed system transfers
and co.1trols the oxidizer and fuel from the stage
to the thrust chamber and gas generator com
bustion zones. The syster,' 'onslsts of a thrust
chamber assembly, oxidi zer turbopump, fuel
turbopump, main oxidizer valve, main fuel
valve, oxidizer and fuel bleed valves, propellant
Inlet ducts, propellanl hi~h-pressllreduels, and
a mlxlure ratio control valve.

1-12. TlIHUS1' ClIAMBEH A"SEMDLY.

1-13. The thrust chamber assembly receives
liqUid (!ropellants under turbopump pressure,
gasifies, mtxes, and burns the propellants, and
tmparts a high velocity to the expelled combus
tion ~ases to produce thrust for v(,hlcle
propulsion.

1-14. The thrust chamber assembly consists
of a thrust chambcr body, an Injector asscmbly,
and a ~Imbal bearing assembly. The integral
dome/Injector asscmbly is boiled to the body.
The matln{! surfaces of the Injector assembly
and thrust chamber body are sealed at the inner
diameter by a hollow K-Monel O-ring seal and
at the outer diamoter by a pressure-actuated
Naflex seal at the boiled flan~e. The r:imbal
l",arllll: assembly Is boited to four support posts
machined Into tho forward end of the injeetor
assembly.

1-15. 'I'IIHUST ClIAMDfm BODY. The thrust
chamber body contains a combustlon chamber
for burninl: the propellants, a narrowin~ throat
Fecllon, and a 27. 5: 1 expansion nozzle section
through which combustion gases are expelled at
the supersonic velocity necessary to produce
the desIred thrust.

1-10. The thrust chamber body (figure 1-5) Is
107 inches lonl: and has an Inside diameter of
18.3 inches at the combustlon dmmber, 14.7
inc-hes at the throat, and 77 inches at tne exit
ring. 'l'h(' thrust chamber body Is a tuhular
walled, regeneratlvely fuel-cooled, bell-shaped
chamber constructed of. formed statnles(, steel
tubes conslstlng of 180 short (down) tubes and
360 long (up) tubes. The tubes are furnace
brazed together and are supported by bands
arou;ld the tubes for external stiffening. The

thrust chamber bady has thr~e manifolds. The
forward fuel manifold ts welded to the top of the
thrust chamber body and has a flange for the
attachment uf the Injector. The manifold receives
hydrogen from the chamber up tube~, dtstrlbutes
the hydrogen to the fuel section of the Injector,
and supplies gaseous hydrogen for pre3surizlng
the stage fuel tank and for refilling the fnglne
start tank. The fuel inlet manifold Is wel:led
around the nlddle of the chamber at the plr,ne
where the short (down) tubes start. The malli
fold has a flange for the attachment of the main
fuel valve. Fuel enters the manifold through
the main fuel valve and is distributed to the 180
short (down) tubeR, which ends are welded to th"
manifold. The fuel Inlet manifold also has an
auglll.lnted spark igniter fuel supply port and a
fuel Jacket purge inlet :,)Ort. The exhaust mani
fold Is a tapered manifold welded around the
chamber just above the fuel Inlet manifold. The
manifold has two Inlet flanges 180 degl'ees apart;
one Inlet Is connected to the oxidizeI' tul'lline
exhaust duct and the other to the oxidizer turbine
bypass valve. The nlanlfold outiet is through
openings between the long (up) tubes (cill-eyes)
along the Inside diameter of the thrust chamber.

1-!7. THRUST CHAMBER INJECTOH. 'Ihe
thrust chamber Injedor (figure 1-0) Is a fuel
facu-coole,!, eoncentrle element Injector that
mixes and distributes the propellants into tI'e
comhustlon chamber in a manner to produ('o tho
most efficient combustion. 'I'he Injector Is
approximately seven Indws In length an'./ 22
IIlC/IllS In diameter. The Injector is a welded,
one-piece injector/dome unit containl.ng 014
oxidl tel' feed posts, an equal numhPr of fuel
sleevcs, and a porous metallic faceplate. The
oxldlzel' Jlostr< arc eleclrlcally discharge ma..
cbined from the nickel alloy Inj(Jctor plate die
forgln[~. and direct the oxldlzr-r from the dome
to the combustion chamber. The fuel sleeves
are threaded to the oxidizer posts, and retain
the faceplate In posltloll. The sleeves have fOUl'
radial fuellnlel holes ported to the gap between
the oxidizer posts and sleeves which dtrect the
fuel from the fuel ffiP.nlfold to the combustlon
chamlwr. The porous faceplate is transpIration
cooled by fuel frolll the fuel manifold and con
tains a row of 253 fuel orifices near tie outer
dlamelElr to film cool the walle of the combustion
chamber.

Change No. 10 - 22 February 1971 1-7
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J3-1-99

1-8

Figure 1-5. Thrust Chamber
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Section I
Paragraphs 1-18 to 1-19

R-3825-1

1-18. GIMBAL.

1-19. The gtmbal beartng assembly (llgure 1-7)
is approximalely ten inches tn diameter lUld six
Inches high and Is mounted on the thrust chamber
and Is altached to the slage frame. The gimbal
Is used to support the engine, Iransmlt Ihrust
to the stage, and permit the engine to be rotated
about lls x- and z-axes to enable the vehicle to
change angular direcllon of veloclly for course
correction. The gimbal Is essenllally a univer
sal joint that conslsle of a ~pherical bearing,
coated with a Teflon-llberglass eomposltlon
(fabroicl), and Is held In a spherical socket. The

fabrold provides a dry, low-frictlon-bearlng
surface. The gimbal consists of a mlsallnemenl
plale, a body, a shaft, and a seat. The spheri
cal secllon of the shaft mates wllh the body, and
the spherical section of tne body males wtlh the
seat to form the universal joint. The mtsallne
ment plate and body bolt 1,1 Ihe thrust chamber
Injeclor, and tbe shaft fits Into a recess of the
body ancl is secured by tW(' retainers. The seat
bolts to the stage lUld is Indexed by a ke; way
and two keys. Two adjustment bolts allow the
mlsallncmen, plate to be laterally repositioned
to the injector and the body to be laterally repo
sllioned relative to Ihe mls.llnoment plate.

t AIl/fOm

Z·AXIS )
""UHl'MI:N'I' JI(J!:l' ",=::'

I
{

I (1....-1 '"I '=.

/~\
"
~ ... r

./ .
-~./ ~I'

-- :".. ~" ~)--
~- '-,,) l...-I •
,-"-------------

'- ,:.:;.".1-101

Figure 1-7. Gimbal
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H-3825-1 Section I
Paragraphs 1-20 to 1-26

I-~ll. OXIDIZER TUHBOPUMP.

1-21. The oxldlwr turlJupump (IIb'Ure 1-8) Is
a slr.gle-slage, centrlfugal··lype pump powered
by a direct-drive, two-stage, gas-driven turbine.
The \}rlnclpal paris of the OXIdizeI' turbopump
are a pump shalt, an Inducer, an Impeller, a
volute anlltwo lurblne wheels. Carbon seals,
augmenled by a dynamic helium purge, contain
the oxidizer amI provide a barrier lJetween the
oxidizer and the hot gas. The pump Is within a
basic envelope 21 inches In diameter and 18
Inches in length.

1-22. The pump shaft Is a hollow, chromium
plated, nickel alloy 8haft, supported by iwo
llquld-oxygen-cooled bearings. The Inducer
and Impeller are spline connected 10 the forward
end of the shaft, and the turbine wheels are con
nected through curvlc coupllnl{s and bOltb to the
other cnd. An Internally spllned adapter, boltcd
to Ihc se"ond-stal{e lurbine wheel, provides the
power takeoff to drive a slal{c-provided hy
draullc pump. The volulc houses the shaft,
Inducer and Impeller, and has Iwo f1anl{cs on
which the mixture rallo control valve In mounted.
One flange Is ported to the discharge side of Ihe
pump, and Ihe olher Is ported by Internal pas
sages to the inlet side of the Impeller. The
volute supports the turbine manifold by 33
radially IlIslalled f,ins which permit movemenl
of the manifold and volute secllon caused by
thermal expansion ami ('onlraellon. The ('arb'lIl
seals cons!.,t of a bellows loaded, face-rldlnl{,
primary seal that cont:llns the liquid oXYI~en at
lhe No.2 bearing, a simllar Iype lurblne seal
located forward of Ihe III'st-slage lurblne wheel
to contain Ihe hoi gas In the 'urblne secllon,
and a carbon segmcnled intermedlale seal lo
cated between the primary and turbine seals.
The intermecHate seal is I>urf(ed with helium
durlnf( en{(ine opel all(J11 to further isolate tho
oxidizer from the hoi gas.

1-23. The drlvlnl( force for opcrallnl{ the
oxlcHzer turbopumpis pl'ovlded by tho two-sta[~e

turbine which Is dl'iven hy hot [(as that has pre
viously passed tlll'o'Jgh the fuel turbopuml'
turbine from the gas gonerator. The turbines
of the oxidizer and fuel turbopumps are con
necled in-series by exhaust ducting that directs
the discharged exhaust gas from the fuel turbo
pump tUI'blne to tho inlet of the oxidizer turbo
pump turbine manifold. The manifold routes

n,e hot gas to the turbine nozzle, which tnereases
lhe velocity of the hot gas and direcls It to the
turbine blades of the flrst- stage turbine wheel,
from where the gas Is directed by the stator
blades to the second-stage turbtne wheel. After
leavtng th:! t'lrhlne the gas Is routed through the
heat exchanger to the exhaust manifold and then
overboard through the thrust chamher. Power
from the turhlne Is transmitted to the Impeller
and Inducer by the pump shaft. Llquld oxygen
enters the pump at stage "xldlzer tank pressure,
and the Indueer Increases lhe oxidizer pressure,
to prevent cavltallon, and dirocts the oKygen to
the Inlet of the Impeller. The Impeller Increases
the velocity of the oxygen and dlScharl{es It tnto
lho volute. The volute converts lhe kinetic
onergy of fluid velocity to potential energy of
fluid pressure. The liqUid oxygen Is then
directed from the voluto to the hlgh-prossure
duct.

t-24. FUEL'I'UHnOI'UMP.

1-25. The fuel l\'rbopump (flguro 1-0) Is an
axlr.l flow pumplnl{ unit, powered by a direct
drive, two-stage, l{as-drlven turhlno. The
prlnetpal parts of the fuel turbopump are a one
ploce, sevon-staf(e rotor, a three -section stator
assembly, a volute, an Inducer, two turbine
wheols, and the lIecossary seals (0 cOlltaln the
hydrof(en and provide a harrlor hotweoll the
hydrOf(On lind the hm l{nS, 'I he PUlllP Is within
a haslc envolope 18 Inches In diameter ;Uld 30
IlH:hes In 101ll(lh.

1-26. Tho one-piece rotor contains seven rows
of hlades machtned Into the outor periphery and
Is encased by the stator assembly which has six
rows of Gtator vanos at Its Inner periphery. The
1'0101' Is supported hy two liqUid-hydrogen-cooled
hall hearings that are sprllll{-lolided In opposing
directions, to maintain the axial position of tho
rotor durtnl~ stailc conditions, nllrlnl~ PUlllP
operation, tho IIxlal position of the 1'0101' Is
malnlalned hy a solf-eolllpeltfJatlng halance
pi stOll, powered by liqUid hydrogen hlod frolll
the last stago of the 1'0(01'. T I'e volute assembly
oneloses the stator assombly and contatns the
flanges for attaching the fuel Inlet duct and the
fuol hlgh-prcs~ure duet. The volule Is Insulated
with polyurethane foam, to aid In maintaining
the hydrogen In \Is liquid state. The inducer Is
spline-connected to the forward end 'lf the rotor
shaft, and the two turbine wheols are mounted

Change No. 10 - 22 February 1971 1-11
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on studs at the other end of the rotor shart.
Two face-riding, bellows-loaded seals and on1
carhon-segmented seal Isolate the liquid hydro
gen frnm the turbine section. The face-riding
seals consist of the primary seal, 10calE,d
behind the No. 2 bearing, and the secondary
seal, located between the primary seal and the
turbine seal. The carbon-segmented tUl.'blne
seal Is the seal located nearest the turbine
section. The cavities between the prim axy
seal and secondary seal and between tha second
ary seal and the turbine seal are purged with
stage- ;Jrovlded hellum to ellmlnate any moisture
before Introducing propellants to the engine.

1-27. The driving force for operatinl~ the fuel
turbopump is provided by the two-stage lurbine
that Is driven by hot gas from the gall generator
during engine operation. A manifold, with two
Inlet ports connects the gas renerator to the
turbine; one Inlet receives gas from the start
tank for engine starting and the athol' tram the
gas generator during engine operat'.on. Gas is
routed to the turbine Inlet manifold, which
distributes the gas to the nozzle. fhe nozzle
hlCreases gas velocity and directs the gas into
the first-stage turbine wheel, and the stator
blades direct the gas to the second-stage turbine
wheel. After leaving the turbtne ti,e gae ts
routed through exhaust ductlng tc, the oxidizer
turbopump turbtne and the oxidl~er turbine by
pass valve. LiqUid hydn,gen enterD the pump
inlei ai stage fuel tank pressure and the Inducer
Increases the hydrogen pressure, to prevent
cavitation and perm~, a lower IlIlet pressure.
The inducer directs iho hydrogen through the
support vanes Into the first-stage blados (A the
rotor, where compression bep,tns. The hydrogen
Is then redIrected by the first row of stator
vanes Into the nexi row of rotor blades. This
action is repeated through thf! seven stagee,
with each slage contributing to the total pressure
buildup. Hydrogen from the final stage is
directed through the diffuser vanes within the
volute and uut into the hlgh-'pressure fuel duct.

1-28. MAIN OXIDIZEH VALVE.

1-29. The main oxidizer valve (figure 1-10)
controls the now of oxidlzlJr from the oxidizer
turbopump to the thrust chamber. The main
oxidizer valve is a pnewnatlcally actuated,
spring-loaded closed, val,ve with a butterfly
type gate. The valv~ is within a basiC envelope
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of 18 Inches by 15 Inches by 10 tnches. The
valve has two open positions controlled by s~pa

rate flrst- and second-stage actuators. A
sequence valve, that Is an Integral pari of the
main oxidizer valve, Is mechanically opened by
the main oxldl~er valve first-stage llctuator io
direct hellum press'lre to the gas generator
control valve open port and to the oxidizer tur
hlne bypass valve close port. When the valve
Is In the closed position, the sequence valve
connects both sides of the gas generator control
valve actuator. The secord-stage actuaior pistOl!
shaft Is connected to the g...e shaft by a IInk-and
lever which converts the linear movement of the
piston shaft to rotary movement of the gate shaft.
The flrst-slage aetualor piston shaft contains a
roller bearing at one end that contacts the llnk
of the second-stage actuator shaft when the valve
Is In the Closed posltton. The opening travel of
the flrst- stage actuator, through the cam action
of the bearing and link, opens the valve gate 14
degrees, which Is the first position of valve
opening. A valve position Indicator, consisting
of a rotary-malton variable resistor and open
and dose position switches, 18 connected to the
gate shaft, to remotely Indicate valve malton
and position. The val. ' gate housing has mouni
Ing padn for the Installation of the oxidizer
Inject, ,",urge check valve and augmented spr4l'k
Ig"l,e, Ive.

'-30. For valve opening, helium pressure Is
slmullaneously applied to opening control ports
of the flrst- .1IId second-star,e actuators al1d
vented from the closing control port of the
second-stago actuator through a thermal
compensating orifice. The thermal-compensating
ol'\flce malntal ns It constant volume venting rate
from ihe second· stage actuator regardless of
helium temperature, so that valve timing changes
as a resul, of actuator gas temperature varia
tions are practically eliminated. At three to
eight degrees of valve opening travel, the se
quence valve opens to direct helium pressure
to open the gas genarator control valve llnd
close tho oxidizer lurblne bypaSD vah·e. At 14
degrees uf valve opening, Ihe first-stage ••ctuator
reaches lis Il,mll of travel, and the second-stngo
actuator opens the valvo Iho remaining 76
degrees. Valve closing Is accompllshod by
applying helium pressure to the closing port of
the second-stage actuator and venting opening
pressure from both actuators. Valve closing
ts asslstod by actuator springs.
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FIi,'lH'e 1-9. F'uelTurbopump (Sheel 2 ot 2)

1-31. MAIN l'lJI>L VArNI>.

1-32. The main tuel valve (Ilflure 1-11) controlH
tlIe flow or hydroflell from tho fuel turhopump to
the thruRt chamher. Tho main fuol valvo lH a
pnoumallcally actuated, Hprlnfl-loaded-c!<JHed
valvo will. a butterfly-type flate. The valvo lH
within a Imsle envelope of 18 inches by 151nches
by 10 Inchen. A sequence valve, that is an
intogral Plu't of the actuator housing, Is opened
by the valvo actuator piston lo admit helium
pressure to the start tank discharge valve
control valvo. The actuator piston shatt Is
connocted to the gato shatt by a IIllk-and-lover
whleh converts tho linear movement at tho
piston shart to rotary movoment at the gate
shafl. A valvo position Indicator, consisting
of a rotary- motion varlablo resistor and open
and closo position switches, Is connected to
the «ate shall to remotely indicate valve motion
and poslllon.
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1-33. The main fuel valve moves trom a
normally cloecd posltlo'l to the open position
when helium pressure Is applied to the openln/,(
control port, and presllure Is vented from the
closlnfl control porI. When the main fuel valve
reaches DO-percent open, the actuator plnton
contacts the sequence valve pastilon. Actuation
of the sequence valve cC'nnects the sequence In
port to tho sequence out passage, dll'ccting
helium pressure to enter th~ Htar! tank discharge
valve control valve. Spring lenslon and helium
pi essure applied to the actuator piston close
the valvo. The main tuel valve opening, closing,
and delay times are controlled by all orltlce,
l.:Icated at the opening control port.
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Paragraphs 1- 34 to 1-42

1-34. OXIDIZER AND FUEL BLEED VALVES.

1-35. The oxidizer and fuel bleed val'/es
(figures 1-12 and 1-13) vent propenrolt gases
from the oxidizer and fuel systems during pre
chill operations, before enbrJne siart, and after
engine cutoff. The valves, located on the high
pressure ducts, are functionally the same.
Each valve is wlthtn a haslc envelope vi six
Inches by three inches by seven inches. They
are poppet-type valves that are beIJows-loaded
to the open position and pressure-actuated to
the close position. The valves have an inner
and an outer bellows assembly that acts as
springs and seals. The valves incorporate a
position switch that indicates when the valve is
in the closed position. The inlet Md outlet
ports are tnterconnected, with the poppet con
trolltng the bleed port.

1-36. Before engtne start, the propellant feed
systems are chilled by recirculating fuel and
oxidizer from the stage tanks through the engtne
bleed valves and back to the stage tanks. At
engtne start, pneumatic pressure Is supplied
10 the closing port of the bleed valves. Pneu
matic press\lre overcomes the bellows spring
force and the bleed press\lre on top of the poppet,
to ar::luate the valve to the closed position. As
the poppet seats againsl the bleed port outlel,
the position switch sends a signal to Indicate
that the valve Is In the close position. At engtne
cutoff, pneumatic pressure is removed from the
ClOSlrlK port. Bellows tension, aiden by propel
lant pressure remaining Inside tho Inner
bollows, opens the valve.

1-37. OXIDIZER AND FUEL INLET DUCTS.

1- 38. 'rho oxidizer and fuel Inlet ducts (figures
1-14 and 1-15) convey the propellant from the
stage to the oxidizer and fuel turbopumps. Each
duct has tW() bellows assemblies, mounted tn
tandem, and is normally 22.85 Inches long, wllh
an inside dlarneter of eight inches and an outside
diameter of 11 Inches. The bellows are stabil
ized by bipod clevis assemblies that allow
maximum engine gtmballng wllhout collnpsing
the bellows. The fuel duct incorporates an
tnternal duct, that results In a double-skinned
unll, separalf,d by a gap that provides a vacuum
Jacket for Insulation of the propellant. The two
bellows assemblies are bolted together at the
center and sealed by the torstonal bellOWS.

1-39. OXIDIZER AND FUEL ffiGH-PRESSURE
DUCTS.

1-40. The oxidizer and fuel high-pressure
ducts (figures 1-16 and 1-17) convey the propel
lants from the turbopump outle!l, to the thrust
chamber Inlets. The fuel duct is approximately
59 Inches long with an Inside diameter of four
inc}ws, and the oxidizer d",tct Is approximately
34 Inches long with all inside diameter of fou,'
inchcs. The htgh-pressure ducts are basically
two flangcd tubes that are bolted together and
support a flowmeter at the mattng secttons. A
'lcllows section in each section of the ducts
allows contractton and expansion. A compen
sator bellows is located in the protruding portion
of the eucts to nullify expanston forces of the
other bellows. Three tie rods cOlltrol expansion
and help malntatn duct allnement. Each duct has
a tapoff for supplying propellants to the gas
generator system. 'l'he fuel duct Is Insulated
with a layer of polyurpthane foam covered with
fiberglass.

1-41.. MIXTURE RATIO CONTROL VALVE.

1-42. The mixture ratio control valve (figure
1-18) allows the engine to operate at elthe!' one
of two ftxed mixture ratios to achteve maximum
vehicle performance. The valve changes mix
ture ratio by routing a portion of the oxidizer
flow from the oxidizer turbopump outlet back
to the pump tmpeller Inlet. The valve has an
actuator assembly and a gale a88embl,. The
actuator Is two-position, electro-pneumatic
and is spring-loaded to keep It In the hIgh engine
loixiure ratio position (valve closed), Pneumatic
pressur" Is directed to the actuator piston by a
three-way pneumattc contl'ol valve thai is ener
gtzed by a stage signal. The gate assembly
consists of a rotating sleeve within a stationary
outer sleeve. Each sle...ve has three elongated
holes; by rotattng th:) inner sleeve (valve gate)
the holes al'e allned or misaltned, to control
the amount of oxidizer flow through the valve.
The valve position indicator is mounted on the
valve shaft and consists of a rotary-mallon,
vartable resistor and open and close posttton
switches.
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Paragraphs 1-43 to 1-47

1-43. The mixture ratio control valve nas two
distinct stops, to "allow enginc operati_m at
either 5.5 or 4.8 engine m_xturc ratio for SIt
stage engines and SIVB 2C0-sertes stage engines
or at 5.0 or 4.5 engine mixinre ratio for SIVB
500-series stage engines, Pneumatic pressure
is supplied to the v'Ave Irom the engine pneu-
matic system wh¢:n tile engine he_inm control
valve is energiz, ed. At a prer_elected time
during engine operation, a control signal,
supplied by ',he stage, energLzes the solenoid
control va',ve, Energizing the so!enoid control
valve allows pneumatic prec.:sure to enter the
valve pad apply force to the actuator piston,
to ov¢,rcome the spring te,_sion and move the
piston in the direction to rotate the gate to the
lo,'/ engine mixture ratio position (valve open).
Cpening the valve results in a reduced oxidizer
ilow to the thrust chamber. If either the pneu-
matte pressure or the electrical command is
lost, the valve will move to the high engine
mixture ratio position (v,'dve close). The posi-
tion Indicator arm rotates with the gate shalt,
to remotely Indicate valve position.

1-44. GAS GENERATING SYSTEM
DESCRIPTION.

1-45. The gas generating system provides the
power required to operate the oxidizer and fuel
turbopumps during engine operation. The sys-
tem consists oi tl_,e gas generator that supplies
the hot-gases to drive the turbopumps; the tur-
bine exhaust ducLs that transfer the exhaust
gases from the r,'uel lurbine to the oxidizer
turbine and to tee thrust chamber exhaust

manifold; the heat exchanger that transforms
liquid oxygen _,o gaseous oxygen or conditions
stage-supplied helium as an oxidizer tank
pressures[; ¢md the oxidizer turbine bypass
valve that allows a portto_t of the turbine exhaust
gases to by'pass the oxidizer turbopump turbine.
The internal power is generated by tapping pro-
pellants from the I_igh-pre._sure ducts and
directing them to the gas generator combustor
where hot gas Is produced to power the turbo-
pumps.

1-49. GAS GENERATOR ASSEMBLY,

1-47. The gas generator assembly (figure 1..19)
consists of a control valve and a combusior
assembly. The control valve starts or stops
the flow of propellants to the oxidizer ,_nd fuel
injectors, q'he combustor is welded to the fuel
turbopump, and an impingement- type fuel injector
and a poppet-type oxidizer injector are assembled
into the combustor.
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Figure 1-19. Gas Generator Assembly
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Paragraphs 1-,18 to 1-52

(

1-48. GAS GENERAq'OR CONTROL VALVE.

The gas generator control valve (figure 1-20)
controls the flow of propellants to the gas gener-
ator oxidizer and fuel injectors. The valve is
a pneumatically-operated, bellows and spring-
loaded-close, dual poppet valve. The valve
consists of a fuel body and bellows subassembly,
an _xidizerbody and bellows subassembly, and
a cover thatencloses the upper sectionof both.
The fuelbody contains a pneumatic actuator

assembly #hlch operates the fuelpoppet and
incorporatesa yoke thatmechan!cally actuates

ti_eoxidizerpoppet followingthe initialopening
movement ofthe fuelpoppet. The fueland oxi-
dizer poppets have Tefloninsertsthatare loaded

againstmetal seats by theirrespective springs

and bellows. The pneunmtic inletopening port
is incorporatedin a retainer thattswelded to
the bellows ofthe actuator. The cover contain_

a flange for installing a cover that provides
access to adjust the fuel lead ad)ustment bolt
and valve position indicator. The control valve
position indicator consists of two switches thai
indicate the lull open and close positions of the
valve, and a linear-motion potentiometer that
indicates valve motion. The valve actuator
spring cavity is ported through a pressure
equalization line to the acttmtor ilelium inlet
(open) port by the main oxidizer valve sequence
valve, to prevent cryopumptng when propellants
are introduced into the gas generator control
valve. The effect of cryopumping is to unbalance
the pressure across the actuator piston which
results in premature unseating of the fuel
poppet.

1-49. During engine start, helium pressure is
directed through the pneumatic inlet port to the
actuator pistnn head. Helium pressure is con-
fined in a chamber formed by the inner walls of
the retainer and bellows and the cuter surface

of the piston. The helium pressure moves
the actuatorpistonand opens tim fuelpoppet.

During the fuelpoppet opening, the fuellead
adjustment bolton the yoke contentsthe oxi-
dizer bellows assembly and opens the oxidizer

poppet. During engine cutoff,as the pneumatic
opening pressure decays, the fuelpoppet is

closedby bellows spring force and propeILtnt
pressure acting on the fuel bellows. The oxi-
dizer poppet is closed by the same forces
acting on the oxidizer bellows assembly.

1-50. GAS GENERATOF, COMBUSTOR. The

eombuator assembly (figure1-21) consists of

a manifold, a choke ring, a fuelinjector,an
oxidizerinjector,and a combustion chamber

that is slightly elongated, with an eight-inch
inlet and three-Inch outlet. The manifold has
a fuel inlet port, an oxidizer inlet port, and a
rue] cavity with two slotted outlet ports. The
choke ring is welded to the m.'mifold. The fuel
injector is threaded and brazed to the mantlold
and consists of a copper ring with three rows
of orifices. The two inner rows imve ")4 orifices
each, and the outer row has 96 orifices. The
two inner rows impinge the fuel on the oxidizer,
and the outer rows cool the chamber wall. _(im

oxidizerinjectorconsists ofa sprin_-loaded-
closedpoppet valve and an injectorwltI_24

orifices. The poppet opens at approximately
one psi, and oxidizer exits through the oriliees
and strikes the poppet at a 30-degree angle, is
deflected outward, and impinges on tim fuel
stream. The combuator contains a chamber
where tile propellants are mixed and burned,
and directs the combustion gases to the fuel
turbopump turbine. Combus:_on occurs imme-
diately below the injector faces, and the choke
ring confines the high-combustion temperature
to this area and directs the hot gas away from
the combu_tor wall and toward the combustor
exit.

1-51, OXIDIZER TURBINE BYPASS VALVE.

1-52. The oxidizer turbine bypass valve (figure
1-22) prevents the oxidizer turbopump from
over_pecdtng during eng'lne start and functions
as a calibration ,.to,ice during mainstage to
establish rpm ratios for the fuel and oxidizer
turbopumps. The valve is a pneumatically-
actuated, spring-loaded-open valve with a
butterfly-type gate and consists of the gate,
the actuator, and the position Indicator. The
gate has a calibrated nozzle (orifice) and is
connected to a split shaft that is supported by
needle t_earlngs In the valve housing. The
actuator piston is loaded to the valve open post-
iron by a spring that is retained by tim h_using
cap. A link connects the actuator piston rod to
a lever that connects to the gate shaft. The
valve position indicator consists of a rotary-
motion v_riable resistor and open and close
switches. The position indicator is connected
to the gate shaft and provides signals for valve
open and close position and valve motion.
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1-53. When the fuel turbopump turbine starts
to spin, the exhaust gas In the turbine exhaust
duct passes through a duct to the oxidizer turbo
pump turbine. Some of the gas volume Is by
passed through the open oxidizer 1_ :'blne bypass
valve and vented through the Ihru~ , chamber.
During engine transition Into malnstage, helium
pressure Is directed 10 the closing control port
of the oxidizer turbine bypass valve, closing
the valve and directing the turbine exhaust
gases through the oxidizer turbopump turbine,
excepl for a volume of gas which passes Ihrough
the valve gate nozzle. During engine shutdown,
closing pressure to the oxidizer lurblne bypass
valve Is vented and spring pressure starts to
open the valve. The normally open port of lhe
malnslage control valve supplles pressure to
the valve opening control pori to help Ihe spring
open the valve.

1-54. HEAT EXCHANGER.

1-55. The heat exchanger (figure 1-23) heats
and expands stage-supplied helium gas (SIVB
slagel or converts liqUid oxygen, thai Is tapped

off the oxidizer high-pressure duct, to gaseous
oxygen (SIT slagel lor malnlalnlng stage oxidizer
tank pressurlzll.tion. The heat exchanger Is 14
Inches In diameter, 16.5 inches long, and con
nects at lhe oxidizer turbine outlet and lhe
Ihrust chamber exhaust manifold. The call
pack consists of four separate "oils manifolded
10 a common Inlel and a common outlet. Three
supports for the coils maintain loop separation
and allnement. The Inlel lllting provides for
lhe Installation of an orillce plate or a blank
plale over each tube. The heat exchanger shell
contains a bellows section that compensates for
thermal expansion during engine operations.
Thlrlng engine operation, hot gases from the
oxidizer turbine are directed throul;h ",e heal
exchanger where a pertion of th& heat Is Irans
ferred to the calls. In the resulting h;)at trans
fer, liqUid oxygen In lhe calls Is converled to
gaseous oxygen, or helium In the coils Is ex
panded for stagl! oxidizer tank pressurization.
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1-56. ANTIFLOOD CttECK VALVE.

1-57. The antiflood check valve (figure 1-24)
is mounted on the heat exchanger oxidizer inlet
line and prevents filling of the heat exchanger
before engir.e start. The valve is within a basic
envelope of 7.5 inches by 7.5 inches by 14 inches.
When helium is used as the stage oxidizer tank
pressurant, the antiflood check valve and heat

exchanger oxidizer supply line are removed
from tIte engine. The antlflood check valve is

a piston-type ci_eck valve incorporating a bypass.
The bypass senses differential pressure between
the heat exchanger inlet and outlet ports, and
effectively functions as a regulator for the liquid
oxygen entering the heat exchanger. The valve
consists of a body, a piston, a poppet, a spring,
a plug, and a cap. The piston has a hole through
the center, with the poppet in one end of the
hole and the plug in the other end. The piston
and poppet arc spring-loaded to the close posi-

tion. The cap retains the spring and incorpo_
rates the gaseous oxygen pressure sensing port
(bypass). During engine operation, liquid oxygen
under pump pressure unseats the piston and
flows through the valve and into the heat ex-
changer coils. Gaseous oxygen pressure at

the heat exchanger outlet is sensed at the valve
bypass port, where it applies pressure to the
spring side of the piston. The spring maintains
a differential pressure of approximately 25 psi

between heat exchanger inlet and outlet pres-
sures, with the outlet (gaseous oxygen) pressure

being the lower. If the differential pressure
increases, the valve moves further open to
admit more liquid oxygen into the he_t ex-
changer. If the differential pressure decreasesp
the valve moves toward the closed position to
decrease the ,amount of liquid oxygen entering
the heat exchanger.

1-58. EXHAUST DUCTING.

1-59. The exhaust ducttng routes gas generator
exhaust gases to the thrust clmmber exhaust
manifold. The exhaust dusting consists of th,"
fuel turbine exhaust duct (crossover duct), oxi-
dizer turbine bypass duct, and the exhaust
manifold. The fuel turbine exhaust duct and

the bypass duct have bellows sections to com-

pensate for thermal expansion during engine
operation. The exhaust manifold is a tapered
manifold that encircles the thrust chamber bell.

The manifold has two Inlets; the larger inlet Is

the main exhaust lrflet from the heat exchanger

and the other inlet is for the oxidizer turbine

bypass gas. The manifold outlet is through
openings between the long (up) tubes (eat-eyes)
along the Inside diameter of the thrust chamber.
The fuel turbine exhaust duet routes the hot gas
from the fuel turbine to the oxidizer turbine

Inlet. From there the hot gas is routed through
the heat exchanger and Into the exhaust manifold,
which dumps the gas Into the thrust chamber
bell. tlot gas also leaves the fuel turbine
through the oxidizer turbine bypass duct, which
directs a portion of the gas to bypass the oxidizer
turbopump turbine, and flows directly into the
exhaust manifold.

INLET FORT

I/

SPRING-

POPPET
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Figure 1-24. Antiflood Check Valve
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Paragraphs 1-60 to 1-69

1-80. STAR] SYSTEM DESCRIPTION.

1-61. The start system stores gaseaus hydro-
gen under :'.:'essure and releases and directs

this pressure to initially spio tile turbopum0s
at engl.m start. The system comprises a hydro-
gen start tank that contai_,s gas for starting the
engine; a start tank discharge valve that con-
tales th.z gas in tile start tank until engine start;
a start tank support-and-fill valve that permits
tile flow of supply gases to the start lank; a
vmtt-and-reltef valve that relieves excessive
pressure or vents the start tank; and an emer-
gency vent valve that provides redundant venting
of start t_nk pressure in an emergency during
ground operations.

1-62. START TANK.

1-63. The start tank (figmre 1-25) consists of
a 4.2-cubic-foot capacity, 25.5-inch diameter
sphere for storing hydrogen. A 1,090-cubic-
inch capacity sphere for _qoring helium is
located widdn tile t,'ulk. The start tank is
Insulated to prevent exoessiw_ internal pressure
buildup caused by external temperatures. Tile
start tank is Initially filled h'om a grnund source.
On re_:tart mission engines, the tank is reiillcd_
during engine operation, with gaseous hydrt_gen
bled from tile thrust chamber hml injection
manllold and with liquid hydrogen bled from
tile zugmcnted spark igniter feel line.

1-64. START TANK SUPPORT-,4ND-FILL
VALVE.

1-65. The start taJtk support-and-fill valve
(figure 1-26) consists of two poppet-type check
wlves, two filtexs, an accessory _lange, _',hd
a dual-purpose port in tile housing. One clmck
valve allows hydrogen flow into the tank from
a ffrouvd source, and the other check valve
,germits flow into the tal,k from a tapoff on the
thrust chamber fuel injection manifold. The
filters maintain c)eanaess of the hydrogen flow-
'ng Into the t_.nk from tile fill sources. The

starttank emergency vent valve is mounted on

the valve access._ry flange. The dral-purpose
port isused as an tnslrumentatlon port to moni-

tor tarff,pressure and to receive hydrogen from
tileaugmented spark Igniterfuellinefor tank

topping, During operation, gaseous hydrogen

pressure tmseats tile check valve poppet to allow
the tank to pressurize. After the tar, k Is pres.
surlzed, spr_ng pressure reseats tile p._ppet and
prevents lass of gaseous hydrogen when tile
engine is not operating.

1-66. START TANK LIQUID REFILL CIIECK
VALVE.

1-67. The start tank liq, ' refill check valve
(figure 1..27) prevents the flow of pressurant
into tile engine system (luring ground fill _md
when tile start tank is pressurized. The check
valve is a poppe_-type valve, spring-loaded to
the closed position. Liquid hydrogen enters
the check valve tl)rough a screen, unseats tile
poppet, mid flows th_'ough an orifice to the valve
outlet. This check valve is installed only on
restart mission eng'ines.

1-68. START TANK F,MEItGENCY VENT
VA LV E.

1-69. The start tank emergency vent valve
(figu_'e 1-28) provides a redundant means of
venting pressurized gas from the start tar&.
The valve is actuated, in an emergeocy, from
a ground source. The emergency vent valve Is
a solenoid-operated, two-way, spring-loaded
to tile closed position, poppet-type valve
mounted on the start tank support-and-fill valve.
The valve spring holds tile poppet on the seat,
against start tank pressu;,_, when the solenoid
Is deener6dzed. Wiles the sr, lenoid is energized,
the armature/,loves to OVe;tcome the spring
pressure, allowing the flex,are to unseat the
poppet and vent start tank pressure through the
valve outlet. The outlet is connected to a line

that ts teed it. tile fuel turbopump primary seal
drain line.
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Figure 1-27. Start Tank Liq(lld Refill Check Valve
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Figure 1-28. Start Tank Emergency Vent Valve
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1-70. STAHT TANK DISCHARGE VALVI:.

1-71. The start lank discharge valve (figure
1-29) starts or stops the flow of gas from Ihe
start tank to the turbines. The valve is a pneu
matically actuated, spring-loaded to the closed
position, poppet-type valve, mounled on one of
the start lanJ. flanges. The sl:lrt tank discharge
valve outlettncorporates a spring-loaded closed,
swing gate check valve to prevent hot p,ns, from
the gas ge.lerator, from entering the valve
during: engine operation. A valve postllon Indi
cator, consisting of twn switches and a llnear
motion potentiometer, _amolely Indicates valve
position. Durinr: engine start, when the start
tank discharge valve conlrol valve ts energized,
;meulllatlc pressure ts directed to the opr:ntng
pori of the fllart tank discharge valve, and the
c1os: ,g port is vented. Pressure builds up on
the opening control Side of the piston and mov. ~

the pillton and shaft, unlleating the b,!llows seal
and actunting the pOllttlon switch. Gas from
the start tank passes under tho bollows seal
anl1 opens the check valve swing gat" against
spring tension. During engine transition into
malnstage, the control valve tB deenergized,
venting the start tanl; dlBcharge vah'o opentng
port and directing pneumatic preBsure to the
valve cloBing pori. Pneumatic preBsure,
aided by spring tension, cloBes the valve. The
swing gate check valve Is Ihen clofJf<i by spring
tension.

1-72. START TANK VENT-AND-RELIEF
VALVE.

1-73. The slart tank vent-and-relh!f valve
(figure 1-:10) prevents overpresBlu:1 ~ation of
the start tank and Is used as a control for tank
venting. The valve is a sprlng-!oaded closed,
pneumatically actuated open, poppet .. type, dual
purpose valve. The vent portion of the valve

1··34 Change No. 10 - 22 February 1971

is stage controlled and starts or slops th" flow
of gas ~ut of the start tank. The relief porllon
of the valve prevents ~xcesslve pressure buildup
'n th,~ start tank. To vent the valve, pneumatic
pref,sure is applied to the control port fro.n a
stage source. Control pressure moves the
actuator diaphragm and push rod, which unseats
the poppet. Gas from the start tank passes
through Ihe filter and into Ihe spring cavity of
Ihe bolt, around the unsealed poppe~, past the
push rod Into the vent-and-rellef ma.lifold, and
overboard through the outl'" port. WI,en control
pressure Is removed, the override spring
repositions the push rod, to permit the poppet
to reseat and stop the venting operation. The
relief portion of the valve automatically or-erates,
when excessive Inlet pressure acts against 'he
reltef d,aphragm to compresl! the relief sprbgs
and move the bolt down, which unsealS tho pOllpet
and relieves excessive pressure through the
same path it took during venting op~ration.

1-74. IClNlTION SYSTEM DESCIlIPTfON.

1-75. Tha ignition system Inttiates combustion
In the thrust chamber and gas generator by pro
vldlnf; the necessary tnmperature and pressure
to ignite the propellants, The syslem consisls
of the augmenled spark ib'l1iter that receives the
initial flow of oxidizer and fuel for igntllon 111
the thrust chamber; the augmented spark igniter
valve that permits or stops the flow of oxidizer
to the augmented spark igniter; the spark igniter
and cable ascembly that transmits the electrical
energy from the spark exciters located In the
electrical control assembly to Ihe spark igniters;
and the Ignition detector probe that senses com
bustion temperature In the augmented spark
Igniter chamber.

i



OPlo:NlNQ PORT

R-3825-1

LID

BELLOWS SEAL ASSeMBLY

VISION

COYER AssEMBLY

I ----POTENTIOMETER

I

Figure 1-29. Slart Tank Discharge Valve

Sectton I

TO FUtl. TUnUlNl';

J2-1.~

Change No. 10 - 22 February 1971 1-35



Section 1 R-3825-1

CONTROL

""'"1
~I1TTlNO

NUT-~~

"ILET-/

ACTUATOIt
OJAP/lItAGM

- PUSH HOi)

ovr:UHmE SJlHING

SEAT

YE~n-ANJ)

ItEI.IEf'MAN1FOl.1J

J2-1·7A

Figure 1-30. Start Tank Vent-and-Relltlf Valve

1-36 Change No. 10· 22 February 1971



R-3825-1

1-76. AUGMENTED SPARK IGNITER.

1-77. The augmented spark Igniter (figure
1-31) is a chamber mounted tn the center of
the thrust chamber injector. The Ib'1liter has
passages for fuel alld oxidizer and has provisions
for mounltng two sp;u-k Igniters (spark plugs)
and the tgnitlon detector probe. The augmented
spark Igniter recei ves the Iniiial flow of oxidizer
and fuel, Ihat Is Ignited by the two spark plugs

r- VAU't: AND HT11N(,S AT H:A
(TYPICAl.) (toUT 10 SCALE WITII ASI)

I(,NITION m:Tt:(TOIt
J'H()Il~: nOUSING

._---------

Section I
Paragraphs 1-76 to 1-77

mounted in the side of the igniter chamber.
When "ngine start Is Inliiated, the spark exciters
energize the sp;u-k plugs in Ihe augmented spark
Igniter. Simultaneously, the control system
starts the flow of oxidizer and fuel to the spark
Igniter; as the oxidizer and fuel enter the
chamber, they are mixed and Ignited. To
pro\lde fo"r a shorter Ignition delay, an oxi
dizer lead. Is used.

"Asl UJlJlEJI
n1t:t. J,!NE

.12-1-60

Figure 1- 31. Augmented Spark Igniter
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1-78. AUGMENTED SPARK IGNITER VALVE.

1·79. The augmented spark Igniter valve
(figure 1-~2) starts or stops the flow of oxidtzer
to the augmented spark Igniter. The valve Is a
normally closed, pneumatically operated, poppet
valve mounted on Ihe matn oxtdlzer valve. The
valve consists of a bellows actuator; a bellows
cover thai has Ihe pneumatic opening port; and
a hou3ing Ihat contains the oxidizer passage,
the pneumatic closing port, and the position
switch electrical connector. The bellows
assembly Isolates the pneumatic pressure from
the oxidizer and is welded Into the houstng. The
oxidizer Inlet poppet i& atlached 10 the Isolation

PNI::UMAT1C
INLET ponT
(CLOSING)

POPPET ASSEMBLY

OXIDIZER
INLET
PORT

bellows assembly. Oxidizer at the stage tank
pressure Is present at the valve poppet before
er,glne start. During engine start, pneumatic
pressure is routed to the valve opening port.
Pneumatic pressure compresses the bellows
and opens the poppet, allowlnl\ oxldil':er to flow
through the valve to the augml'nt"d spark Igniter.
The position switch eleclrlcal conlacts provide
a valve open signal. During engine shutdown,
opening pressure to the valve Is vented and
pneumulc pressure is routed to the valve closing
port. Pneumatic pressure, assisted by bellows
spring force, closes the valve.

m;l.U1WS ASSl!:MDLY

HOUSING ASSEMDl,Y

OXIDIZER OUTLET PORT

J2-1-12O

Figure 1-32. Augmenled Spark Igniter Valve
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1-80. SPARK Im'lTEH CABLE ASSEMBLY,

1-81. The spark Igniter cable a3semblj
(figure 1- 33) transmits the electrical energy
from the spark exciters, located In the elec
trical control assembly, to the Igniters In the
augmented spark Igniter and the gas generator.
To provide maximum reliablllly, a redundant
system, consisting of four separate assemblles,
Is used. Two assemblles are connected to the
gas generator and two to the augmented spark
Igniter. Each assembly consists of a cable,
Igniter (spark plug), and the bell housing. 'fhe
cable consists of a wire, Insulation, seamless
bellows, braided steel conduit, and a protective
cover. The Igniter consists of an electrode
enclosed In a ceramic and steel housln/t. The
spark occurs between Ihe electrode and a lip on

Ilf;Ll. HOUSING

the housing. The bell housing contains the
electrical connector ass~mbly and a tube used
for pressurizing the cable. The electrical con·
nector assembly is Insulated, to prevent shortl".:
between the spark exclter and Ihe bell housln~.

The cables are pressurized with gaseous nlt.ro·
gen, to prevent breathing of moisture and ,0
Inhlhlt the posstbillty of Internal glow di3charge
(corona) during operation at high altlh,des (near
vacuum conditions). During engine Flart, the
spark exciters transform 28 vdc (Il'Jmlnal) tnto
27,000 r3, 001) volts that discharge. across the
igniter gap at a minimum rate of 40 sparks per
second. The spark Ignites the propellants to
Inltlate combustion In Ihe gas generator and
tho thrust chamber.

.!:iI'IUNG AS,-';fo.MUI.Y

I rn 'I AINFH IUN(,

l
I 1

I
'----c::

Cf] SPARK IGNITER CABLE lIiA5·27448TI ONLY

I I

}'IU:SSlIUZ'NG VALVE

J2·1· 81

Figure 1··33. Spark Igniter Cable Assembly
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1-82. IGNITION DETECTOR PROBE.

R-3825-1

1-84. CONTROL SYSTEM DESCRIPTION.

1-83. The Ignition detectol' probe (figure 1-34)
detects Ignition In the augmented spark Igniter
chamber and sends a posltlve override signal
to the electrtcal system. The probe Is a fusible,
Wire-link detector that Is tnserted Into the allg·
mented spark Igniter combustion zone. When
the wire link Is burned off by the ignition flame,
the resultant resistance change unhalances a
bridge-type circuit In the electrical system, to
produce an Ignltlon-co:nplele signal. Engine
culoff wtll occur If an Ignillon-complete signal
Is nol received before expiration of the ignition··
phase timer. The Ignition detector probe II>
used for static test only. For launch, a dummy
probe, connected to the 1<TfIIlton detector probe
elp.ctrlcal connector, produces an Ignillon
complele signal at all times.

100
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Figure 1-34. Ignition Detector Probe
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1-85. 1'ne control system provides the elec
trical control and the energy for valve movemo:!nt
and functions as an integral electro-pneumatic
control system to establish valve actuation I'e
lattonshlps. The pneumatic portion of the system
consists of a heltulll taJtk that stores the helium
supply; a heltum regulator assembly (pneumatlc
control package) that controls the helium; a fast
shutdown valve that speeds up the venting of the
gas generator control valve; an accumulator that
provldes an emergency source of heltum during
engine operation; two sequence valves, used for
valve actuatton sequencing; orifices and check
valves, used for Indlvldual valve ttmlng and for
directing gas flow; and the necessary plumbing
to Join the components Into a working system.
The electrical porllon of the system comprises
the electrical control assembly that pCl"forms
the necessal'y sequencing and timing functions
required to operate the engine; the armored
harness that electrically cOllIlects the electrical
control assembly to the stage and the engine
components; and the malnstage OK pressure
switches that monitor :>Ktdtzer pressure down
stream of the main oxidizer valve.

1-86. IlELruM TANK,

1-87. The hellum tank (figure 1-25) Is located
Inside the start tank anti consists of a 1,000
cuhlc-Inch sphere for storing helium. It has
sufficIent supply to support two engine runs.
The tank Is Inltlally filled from a ground source.
On engine restart missions, the helium tank can
be refilled In flight from a helium supply source
In the SIVB slage.

1-88. HELIUM COVEH AND FILL-CH\,;CK
VALVE,

1-89. The helium cover and fill-check valve
(figure 1-35) are mounted on the start tank.
The valve Is a poppet-type check valve, sprlng
loaded to tha closed position. The cover seals
the tank and provldes porting for the helium
Inlet and outlet, a mount for the flll- ,heck valve
and the start tank temperature transducer, and
a connect point for securing the start tank to the
thrust chamber. The fill-check valve poppet
opens under helium fIJI pressure and allows
flow of helium gas from the customer connect
line Into the helium tank. When helium pressure
In the helium fIJI customer connect line Is vented,
the spring moves the poppet to the closed posi
tion and prevents reverse flow of hellum from
the tank.
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1-90. HELIUM HEGULATOH ASSEMBLY
(PNEUMATIC CONTROL PACKAGE).

1-91. The helium regulator assembly (figure
1- 36) regulates and directs the flow of helium
to all pneumatically operated valves. The
assembly consists of the helium regulator that
has three regulator assemblies and a low
pressure relief valve, a high-pressure relief
valve, four control valves, an accumulator
check valve, and a series of filters.

1-92. HELIUM REGULATOR. The helium
regulator (figures 1-37 and 1-38) reduces the
helium pressure !I'om the helium tank to the
required pressure for engtne operation. The
regulator consists of a ble3d regulator, a matn
regulator, 3. control regulator, and a low
pressure relief valve. Helium pressure enters
the regulator through a filter and Is directed to
the bleed regulator Inlet. Helium passes the

the ball seat ~nd flows into a chamber that Is
Realed off by a diaphragm. This chamber has
an exit to the helium control valve and Ihe helium
tank emergency venl control valve. The helium
pressure builds up In the diaphragm chamber,
overcomes sprtng loading pressure, moves t.he
diaphragm and nozzle rod to close the ball seat
that stops thl! incoming flow of hel!um. As
helium exits the diaphragm chamber, pressure
decays and allows spring tension to unseat the
ball, permitting more helium to enter the regu
lator. The shuttling of the bleed regulator wl!l
continue at a rate that depends on the helium
flow out of the extt port. If the flow Is constant,
the ball-seat wl!l assume a flow-restricting
position that wl!l matntaln a pressure of approxi
mately 450 psi In the diaphragm chamber. If
pressure exceeds 500 psi III the diaphragm
chamber, the nozzle Is unseated and pressure
Is vented through the nozzle Into the spring
cavtty and out a vent port check valve.
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1-93. Aeluatlon 01 the hellulll control valve
routes helhllll to the dome side of lhe main regu
1'1101' diaphragm and to the control reh'ulator.
The presslll'e on the dome side of the main rei:u
tutor diaphl'a~m OV('l'comcs HPl'tJl~ tensloIl to
unseat the ball: this allows gas to be rouled to
the sprint: side of lhe diaphragm and through
the accumulator elwck valve to the engine com
ponents. Pressure on the spring side of the
dlaphral~J1l, aided hy spring tension, overcomes
the pressure on the dome side of the diaphragm
and retracls lhe diaphragm to allow the ball to
reseat. If pressure on the spring side of the
diaphragm d,'ops below 400 psi, the pressure
on the dOllle side unseats the hall and the 400
psi is restored. This action is repeated to
matntain a constant rel{Ulator outlet pressure.
The control regulator maintains a reference
pressure of approximately 41C psi on the dome
aide of the main re;~lator diaphragm and, by
adjustme'1ts to this reference pressure, controls
the outlet pressure of the main regulator at
approximately 400 psi. This Is done by directing
hellum outlet pressure from the main regl1lator
to the diaphragm cavity of the control regulator,
where It Is balanced against spring tension. When
the main regulator outlet pressure exceeds 400
psi, the spring In the control regulator is further
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compres!;ed, allOWing main rCh'1.11ator dome
reference gas p,'esslll'e to unseal the control
rel:ula«,r hall and POplwt and allowing the refer
C1H'e I!aS to hleedlnto the ('onlrol pressure side
of t1w control regulator, A drop in dome refer
ence pressure rCfiults in a lower main rC!{U141tor
outlet pressure that allows the Hpl'in~: In the
control repllator tv reseat the hall and poppet.
This action Is repeated to control the main
,'e6",lalor output.

1-94, Tee low-pressure relief valve Is a pilot
op"rated relief valve. Helium pressure entering
the valve exerts force against both the hottom
and top of the piston. This pressure and spring
pressure keep the piston seated and the vent port
closed. If there Is a pressure surge or a reb'll
lator maHunction, the excessive Pl'essure over
comes the spring tension and piston pressure
loading to f"rce the pilot poppet upward. This
action vents the pressure acting against the top
of the pIston, and pressure against the bottom
of the piston drives the piston upward, openIng
the vent port. When the exesss pressure is
relieved, spring pressure returns the pilot
poppet and piston to their original positions.
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1-95. HIGH-PRESSURE RELIEF VALVE. The

high-pressure relief valve (figure 1-39) prevents
overpressurization of the helium supply system.
The valve Is a spring-loaded, ball-type, relief
valve that starts to open at a pressure of
approx'imately 3,800 psi, is gully opened at
appz'oxima_ely 4,000 psi, and reseats at

approximately 3,500 psi. The spring holds the
retainer against the ball, and the ball seals the
inlet ia the seat. Excessive helium pressure
compresses the spring, unseats the ball, flows
around the b.,dl, and is routed overboard through
the valve outlet. The valve h_.3 a protective
hood to prevent the entrance of moisture.

BAtL

12-1-123

Figure 1-39. lllgh-Pressure Relief Valve
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1-96. FOUR-WAY PNEUMATIC (START TANK
DISCHARGE VALVE, IGNI', ON-PHASE, AND
MAINSTAGE) CONTROL VALVES, The main-
stage, igldtion-phase, and start _ diseilarge
valve control valves (figure 1-40) are four-way,
electrically operated, direct-acting solenoid
valves in which opening and dosing functions
are arranged so that one is venting while the
other is pressurizing. The t_tart tank discharge
valve control valve directs pressure to the
closing or opening control ports of the start
tank dlscilarge valve. The ignition-phase con-
trol valve, when energized, supplies opening
pressure to the main fuel valve and augmented
spark igniter valve, m_d gas generator control
valve opening press'.we rind oxidizer turbJne

bypass valve closing pressure to the main oxi-
dizer valve sequence valve. The malnstage
control valvep when energized, supplfes opentrtg
pressure to the main oxidizer valve and shuts
off thrustchamber oxidizer injectorand gas

generator oxidizer purges. When the solenoid
ts energized, the piston moves the poppet, and

the _:,_rmallyclosed port is opened, a11owing
helium to thaw through the control valve. At the
same time, pressure supply to the normally
open port is blocked off and this port is vented.
When the solenoid is deenergizcd, the piston
reseats, the trapped pressure is vented, and
helium flows through the normally open port.

)

Jlt_,

NOBMALLY (

VENT POeT /I
INLET _OIIT

VENT PORT

)

Figure 1-40. Four-Way Pneumatic (Start Tank Discharge Valva,
Ignition-Phase, and Mainstage) Control ValveJ
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1-9'1. THREE-WAY PNEUMATIC (HELIUM,
HELIUM TANK EMERGENCY VENT, AND
MIXTURE RATIO VALVE) CONTROL VALVE!;.
The \,,,lIum ('ontrol, helium tank emergency
vent control valves (llgure 1-41), and the mix
ture ratio valve control valve are three-way,
elect!.'lcally operated, direct-acting, normally
closed solenOid valves. The helium control
valve directs helium pressure to the main regu
lator and the control regulator. The helium
tank emergency vent control valve provides an
alternate means of venting the helium tank. The
mixture ratio control valve ·solenold valve Is
functionally Identical to the helium control and
helium tank emergency vent solenOid valves.
This valve, when energi?ed by a stage signal,
routes helium pressure to th'! mixture ratio
control valve to move the valve to the low engine
mbctllre ratio pOSItion. When the solenoid Is
deenergized, the outlet port is connected to the
vent port. W1'.en the solenoid Is ener!!1zed, the
armature shuttles the poppets to the open posi
tion, allowing flow from the inlet port to the
outlet port and closing the flow path to the vent
port.

+---COIl

:::::'~:JVENT
"~.£::''10UTLET

Figure 1-41. Three-Way Pneumatic (Helium,
and Heliunl Tank Emergency Vent)

Control Valves

1-98. PNEUMJ.TIC ACCUMULATOR.

1- 911. The pneumatic accumulator provides the
nE,c'IJssary gas volume for the safe operation and
shutdown of the llIlgine in t.he event of a loss o~

hi gh-pressure hdium supply. The pneumatic
a",:umulator Is an Integral part of the primary
Instrumentation f,ackage t.hat Is enclosed within
a,l outer shell and cover. The volume between
th/) primary InstrumentaUon package and the
ouler shell and cover serves as the pneumatic
accumulator.

1··100. FAST-SHL'TDOWN VALVE.

1-101. The fast-shutdown valve (figure 1-42)
vents the gas generator control valve opening
('antral pressure at engine shutdown. The valve
Is a Iwo--positlon, normally closed, poppet valve
fhal is acl1Jated to tho open position by hllliull,
pressure. At engine Iltart and run, helium
pressure Is supplied to the Inlet port where It
Is routed to the top of the upper control dta
phragm. This pressure, with spring te'lsion,
maintains the valve In the close position. At
engine cutoff, helium pressure is routed to the
valve control port, enters the control port, and
acts uponlhe diaphragm to overcome the force
of the piston spring and any remaining pressure
at the top of the diaphragm, moving the piston
to the open position.

1-10~. RESTffiCTOR CHECK VALVES.

1-103. The restrictor check valves (figure
1-43) ar~ orlficcd, poppet-tYlJe, and spring
loaded to the c10lled position. The oxidizer
turbine bypass valve opening time Is controlled
by a check valve at the main oxtdizer valve
sequence valve outlet port. The start tank dis
charge valve closl:1g time Is controlled by a
check valve at the valve opening control port.
Application or helium pressure overcomes the
spring tension and unseats the poppet, allowing
helium to flow to the extent determined by the
orifice plug or valve poppet orifice. When
pressure Is decreased, ihe spring tension
l)Vercomes the decaying pressure and reseats
j he poppet. When the valve is closed, reverse
flow Is restrl~ted through the orifice.
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Figure 1-42. Fa,nt-Shutdown Valve
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EXIT PLUG

RODY

POPPET

OXID1ZF:H TUllnlNE:: flYI'A~S

VALVF.: CLOSIN(, cmnnol

START TANK DISCHARGE VAJN~

OPE:-rING CO~TIWL

FIgure 1-43. Restrlctor Check Valves

1-104. ELEC'I'H1CAL COm'HOL ASSEMBLY.

1-105. The electrical control a~semb\y (figures
1-44 and 1-45) Is a sealed, dome-shaped, pres
surized conlrol assembly cor-lalnlng spark
exciters and sequence controller circuitry.
The unit Is self-contaIner! and requIres only
de power and external ,;nglne start, malnstage
enable, and cutoff sll;llals to operate. Addalonal
E1gllalS are provIded to the stage to allow moni
torIng of the engine condition at significant
polnl" of engine operation. The syslem also
hp.s the capabilily to actuate Indlvldual compo
ner;ts throuJh checkout equlpmenl. The control
system wl1l aufomatlcally reset Itself after
engine operatlon, to provlde mulllple engine
reshrt capability, by using the engine-ready
signal as a culoff-reset functlon. However,

there may be conditions where engine-ready Is
not obtained after a firing, and a restart attempl
Is def;lred. To provide for this possibility, an
engine-ready bypass provision Is Incorporated
to allow cutoff-reset from the stage.

1-106. The six major printed-circuit hoards
that have the necessary solld- state switching
elements are: (1) the engine ,"onitar board,
which monitors engine and ECA condltlons be
fore commit start; (2) the engine start board,
which receives stage commit start signal, locks
in and provides for helium control valve ener
glzatlon, and has redundant helium deenerglze
timers for cutoff; (3) the spark control board,
which receives a signal from the engine start
board and actlvates the iour spark exclters;
(4) the valve control board, which provides
power for energizing the Ignition-phase, maln
stage, and STDV control valves;
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(5) th~ programmer board, whtch has redWldant
timers and a multiplex module to control ener
gizatlon and deenergizatlon of the f:>TDV control
valve, energlzatlon of the malnstage control
valve, and deactivation of the spark exciters;
and (6) the cutoff control board, which recetves
a stage or engln~·generat~dcutoff signal and
deenergizes Ignition and malnstage solenoids
and activates the helium deenergize timer. The
mulilplex module on the progran,mer board,
superlmpos~s cach redWldant timer function on
Ihr~e of lhe four spark monitor output traces.
The STDV delay, ignition phase, and sparks
d~~n~rgize limers hav~ a two out of thl'ee ~oting

logic redundancy. The helium deon~rgize

timers have parallel redundancy.

1-106A. During the pre-ignition phase of the
engine start sequence, 28 vdc power Is applied
to the ECA sequence and Ignition busses and an
enrpne ready signal Is sent from the RCA
engine monitor boafd If: (1) the followtng
conditions exist; KI0l and KI03 bus power on,
electrical connectors Installed, Mis OK pres
sure switches dropped out, OTBV open; and
(2) the follov.1ng signals are absent; engine
start, helium control on, Ignition phase control
on, STDV control on, malnstage control on,
ASI sparl< system on, GG spark system on, and
mainstage OK. A signal Is al'3o sent to the
cutoff board to ensure culoff reset.

1·106B. After the stage commit start signal
Is Initlatert, the ECA sequencer engine start
board accepts the slart signal and then provides
for P. lock-In circuit. Four sequencing events
occur at this time: (1) power is applied to the
spark control board and spark excites are
activated; (2) the hellum control valve Is
enerbr\zed; (3) power Is applied to the valve
control board to energize the Ignition phase
conlrol valve; and (4) a signal Is sent to the
programmer board to activate the redWldant,
one second STDV delay timers. A stage
supplied maln8tage enable signal and the output
signal from the STDV delay timers activate an
"and" gate In the programmer board, which
activates the redull'lant O. 45-second Ignition
phase control timers. At the same time,
through an "and" gale tn the valve control board
the STDV control valve ts energized. An output
signal from the Ignition phase timers Is the
completion of ignition phase and start of
mainstage.

101-6C. Output from the programmer board
ignition phase timers deenerglzes the STDV
control valve, activates the redundant 3.3·
second sparks deenerglze tI mel's, and energizes
the mainstage control valve. The lock-in circuits
for both ignition phase and mainstage arc acti
vated. Engine thrust build-up actuates the MiS
OK pressure switches, which send an override
signal to the cutoff control board (only one of
two is required). An output signal from the
sparks deenergize timers sends a cutoff slv,nal
from the programmer board to the cuto:f c,mtrol
board. If ~.n override signal fro!l1 Ihe MiS OK
pressure switches is present, the cutoff "and"
gate Is not activated. The output sign'll from the
sparks deenergize timer also negates the engine
start logic. Because of the lock-in circuits, the
engine control valves are not affected. However,
the spark control logic gates are negaled causing
power to be removed from the spark exciters.
An eJ;ginc stcady burn Condition is now achieved.

1-106D. The engine cutoff signal lIlay be pro
grammed (from the stage or may be generated
by both of the MiS OK pressure switches not
picking up. In either case, the signal Is
directed to the cutoff control board where it Is
locked-in by "or" and "and" gates. The cutoff
control board output slgnai is sent to the engine
start and valvo control boards. On the engine
start 1)'lard, the one-second helium deenergtze
timer~ are activated and engine start logic gates
are negated. Power to the sparks and valve
solenoid control circuits is lost. On the valve
control board, Ignltlon phase and mal;lstage
"and" and "or" gates are negated breaking the
holding circuit, and the control valves deener
gize. It activated at this time (as during engine
start), the start tank discharge "and" and "or"
gates are negated and the STDV control valve
deenergizes. An output from the helium deen
ergize timers negates engine start boarrJ "and"
and "or" gates and the helium control valve is
deenergized.
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THRIJST CltAM DER

FxcIrFR CABLE
HECEPTACLE

LNG[N E+COMPONFNT

CABLE

O-RING

ENCLOSURE

Figm, e 1-44. Electrical

1-107. ARMORED HARNESS.

1-108. The armored harness electrically con-
nects the electrical control assembly to the
stage and to the electrically controlled engine
components. The harness I_ made up of Teflon-

insulatedwires thatare wrapped ina layer of
Mylar tai_z,sleevedin a siliconerubber tube,
and sheathed in two layers of nickel-plated
copper wire braid. The siliconerubber tube

A_EM3LY

NE!_.ATOR

EXC ITIJR CABLe

RECEPTACLES

J2-t-127

ControlAssembly

is for thermal protoction, and the wire braid
is for protection dnet abrasion and radio-
frequency tntert_ ,nc_. Mylar tape is used to
aid installation of the silicone rubber tube. A

compound ofpolyurethane is overmolded atthe
Y-]olnteand connectors to secure and cover the
wire braidpigtails.The overmolds are not
intended to be moisture-sealeng devices. When
the harness is installed on the enginet a thermo-
protective boot is installed over each connector.

)

)

)
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Figure 1-45. Electrical Block Diagram

1-109. MAINSTAGE OK PRESSURE SWITCHES.

1-110. The mainstage OK pressure switches
monitor oxidizer injection pressure to determine
proper engine mainstage operation. Mainstage
OK pressure switches have an inlet port, a
checkout port, two diaphragms, toggle blades,
a toggle spring, a housing, and an electrical
switctl and connector. Pressure entering

either port acts upon a diaphragm, linked to the
electrical switch through the 'gggle spring and
toggle blades. During engine start, the switches
must pick up before deenergtzation of the spark
ignition system or engine cutoff will be initiated.
Pickup of either pressure switch will block
initiation of engine cutoff. During engine opera-
tion, engine cutoff will be initiated whenever
dropout of the switches is caused by deterioration
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of oxidizer injection pressure. Both switches
must drop out for cutoff to be initiated. A line
connected to the checkout port of each pressure
switch is routed across the engine gimbal to the
customer connect panel. The switches are
function-tested by applying pressure to this line.

1-111. PURGE SYSTEM DESCRIPTION.

1-112. The engine is purged before engine
start to remove moisture-laden air, clear
combustion areas of any propellants, and main-
tain an inert environment. During engine opera-
tion, the turbopump seal areas are purged to
keep any propellant leakage from reaching areas
containing turbine gas products. After engine
run, purging clears combustion products and
prevents moisture accumulation. The purge
system comprises a purge control valve that
permits or stops the helium purge to the thrust
chamber ,and gas generator oxidizer injectors;
m_ oxidizer turbopump intermedtale seal purge
check valve and a fuel turhopump primary seal
drain check valve that maintain correct pressure
in the seal cavities; an oxidizer injector purge
check valve that prevents oxidizer from reverse
flowing into the helium system; and purge check
valves {thrust chamber fuel jacket purge, gas
generator fuel and oxidizer purge, fuel and
oxidizer turbine seal purge, and fuel turbopump
primary seal purge) that prevent reverse flow
through the purge system during engine
operation.

1-113. PURGE CONTROL VALVE.

1-114. The purge control valve (figure 1-46)
starts or stops helium flow used to purge the
thrust chamber and gas generator oxidizer
injectors. The valve is a two-posiiionp normally
closed, poppet valve that is actuated to the open
position by hetlum pressure. Helium pressure
is supplied to the inlet port where it is touted
to the top of the upper control diaphragm. This
pressure, with spring tension, maintains the
valve in the closed pG_ition. During operation,
helium pressure enters the control port and
acts upon the diaphragm in overcome the force
of the spring and inlet pressure at the top of the
diaphragm, and moves the seal cage to the open
position.

1-115. PURGE CHECK VALVES.

].-116. The purge check valves (figure 1-47)
are installed in the thrust chamber fuel Jacket
purge, gas generator fuel and oxidizer purge,
fuel and o_¢idizer turbine seal purge, and fuel
turbopump primary seal purge, to prevent
reverse flow through the purge system during
engine operation. The check valves are !copper-
type valves, spring-loaded to the closcd position.
Helium pressure is applied from the stage pres-
sure system or the engine helium system (gas
generator oxidizer injector purge) to purge
these areas, the pressure overcomes the spring
tension, unseats the poppet, and allows the
purge gas in flow. When purging is terminated,
the pressure decays and the spring tension
reseats the poppet to prevent backflow. On
engines incorporating MD383__or MD_8.._4change,
a redundant purge check valvo is installed down-
stream of the purge control valve, to prevent
coutamiaaliug the pueumatic system with oxidizer
if either the oxidizer injector or the gas genera-
tor oxidizer purge check valves leak.

1-117. FUEL TURBOPUMP PRIMARY SEAL
DRAIN CHECK VALVE.

1-118. The fuel turbopump primary seal drain
check valve (figure 1-47) is installed in the fuel
turbopump primary seal drain customer connect
line to maintain the proper pressure in the seal
cavity. The check valve is a poppet-type valve,
spring-loaded to the closed position. As pres-
sure builds up in the fuel turbopump primary
seal cavity, it overcomes the spring tension fo
open the poppet and allow excess preeeure to
vent overboard. When pressure in the seal
cavity decays_ spring tension reseats the valve
poppet.

1-119. OXIDIZER TURBOPUMP INTERME-
DIATE SEAL PURGE CHECK VALVE.

1_120. The oxidizer turbopump intermediate
seal purge check valve (figure 1-47) is connected
to the purge line downstream of an orifice to
maintain proper purge pressure and prevent
overpreesurization of the intermediate seal.
The check valve is a poppet-type valve, spring-
loaded to the closed position. When the helium
control valve is energized, helium regntlator

)
/

)
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Figure 1-46. Purge Control Valve

outletpressure is suppliedto the check valve.
Tile pressure overcomes the spring tensionto
open the poppet and allow excess pressure to
vent overboard. When the helium controlvalve

is deencrgized, thepressure decays and spring
tension reseats the valve poppet.

1-121. OXIDIZER INJECTOR PURGE
CIIEC"K VALVE,

1-122. The oxidizer Injector purge check valve
(figure 1-48) prevents reverse flow of oxldtzer

into the purge system during engine operation,

The valve is n spring-loaded, normally closed,
poppet check valve, located on the main
oxidizer valve. The oxidizez injector purge
is controlled by the purge control valve.
Helium flow continues to purge the thrust
chamber oxidizer Injector, until the mainstage
control solenoid valve is energized. At engine
cutoff, the purge flows until the helium control
valve is deenerg!_ed, one second after the
cutoff signal.
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Figure 1-48. Oxidizer Injector Purge Check Valve

1-123..FLIGHT IN&"I'RUMENTATION SYSTEM
DESCRIPTION.

1-124. The fllght Instrumentation system
monlturs anglne performance QI:,"lng checkout,
test, and fllght operations, The system con
sisls of the !,r!;;,ary fllght Instrumentation
pnr":ai;c, Ihe auxiliary flight Instrumentatlon
package, pressure and temperature transducers,
valve position Indicators, oxidizer and fuel flow
meters, turbopump speed transducers, and
associated electrical harnesses.

1-125. FLIGHT INSTRUMENTATION
PACKAGES.

1-126. There are two llIght instrumentalfon
packa~es in the inAtrumentation system, the
primary and the auxiliary. The primary flight

Instrumentation package (figure 1-49) includes
paramelerc critical to all engine static flrtngs
and vehicle fllghts. A pneumatic line connects
the pneumatic control package to the case of
the primary Instrumentation package, using
the case as an accumulator for the pneumatlc
control system. The auxtllary flight Instrt'men
taUon package (figure 1- 50) contains noncritical
and/or redundant measurements for obtaining
additional parameters to help evaluate engine
opE'ration. Design of the auxtllary pa ckage
allows for deletion or substitutlon of parameters
as necessary. The packages are pressurized
to prevent entry of moisture and contaminants.
The pressure transducers on both packr.:;9s
have welded stub-out conneclfons.
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Figure 1-49. pt'lmary flight Instrumentation Package
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1-1:\7. l'RESSUHE TRANSDUCERS.

1-128. Th~ pressure transducers (fll',urc 1-51)
In Ihe flight inbtrul11entatlon system arc dc In
put, d::. 'lutput, absolute pressure transduccrs
conslstl;lg of a mechanlcal-force-summlng
elemcnt coupled to an electrkal bridge. The
output n! the electrical bridge Is directly pro
portional to the pressure applied to th~

mechanical-force-summing netw"rk. All four
of the bridge elements ;;l the i ransducer are
acllv!!. For each bridge element Il,al Increases
impedance with increasing preslJurc, a second
bridge elemeut decreases impedance with In
creasing pressure. These elements are con
nected !nto the bridge In sllch a way as to obtain
maximum sen~iUvlty from the bridge. Tt,p
transdue.er also has the necessary circuit ele
ments to Isolate the output from the Input and
to prov:de a r'!glllatccl brldv;c excitation vo!\age,
aU neccssary bridge amplification, bridge Out
put demodulation If required, and to provide all
required OHtput filtration eo that the transduccr
can be excited with a pomlnal 28 -vdc Input and
a 5-vdc output at full pres311re range. The
h'W\sducer Is capable of simulating the output
at 20 anrl 80 percen: ot !ts operating range. The
appllcatloq of 28 vdc to pins E or F activates a

switching circuit Ihat substitutes a resistor In
tl,e brl<~~e network, thereby simulating the
bridge oulput for 20 or 80 percent of the
operating rWlge of the tnsl.'''menl.

1-129. TEMPERATURE TRANSDUCERS.

1-130. The temperature transducer" (figure
1-52) In the flIghtlnstrumentatton system are
thf plal\n~m rest stance type. The resistance
b,.lbs have a three-wire termination that allows
a bridge cornpletlon wtlh a transmtilsion line In
opposite legs of the bridge, making zero and
senslltvity changes negltglble with varbtlons
In line length and resistance, Each transducH
Is supplied with Its own reststance-ver~uB

temperature calibration over a speclfted range.
While all of the transducers operate Oil the same
principle and the electrical connections are
tc'entleal, the physlc~l conflf(\u'attons of the
various transducers dlffp-r with the Installation
and measurement requtrements. During statte
tesling, a ch,'omsl-alumel thermocouple Is
used as a sensor for th, hot-gas overtemperature
device, hecause the response of resistance trans
ducers ts not faat enough to provide adequate
proteclton.

roWER
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HI:.CEPTACLE PIN WENTTHCAlIOH

PIN FUNCTION VOLfS
I--.:'.~ ~PosIm·F. EXCITATION +28

B ~J:OOiTrv.r. OU'l'PU r ~~.:.5__
~ NEGATIVE OUTPUT t)R~ RETURN

IJ NEGATiVEF.xci2ATI0t:.~ ..!.8~~J.!!.!...
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Figure 1- 51.. Pree&lIre Transducer
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speed of the rotor, the distance or tim plr.kup
from Ihe top of the blades, and the blade ma
terial (a constant). The generated freq'Jency
dependu on rotor speed and number of blades
and IR In direct correlation to flowra\<~. The
fuel flowmeter has a four-vane rotor that pro··
duces four ol~ctrlcal Impulses a revolution, and
the oxidizer flowmeter has a alx-vB,ne rotor that
produces aix electrical Impulses a revolution.

1-133. TURBOPUMP SPEED TRANSDUCERS.

1-131. OXIDIZER AND FUEL PWWMETERS.

Figure 1- 02. Temperature Transducer

______________~J2-1-130

1-132. The oxidizer and fuel flowmeters
(figure 1- 53) al'e hlrblne-tY',Je, volumetric,
liquid flowmelers, mounted In the propellant
lJigh-pressure ducis to measurE< the flow of
propellants Into the thrust chamber. Each
flowmeter consists of a helical-vaned rotor
assembly that senses the propellant flow, flow
slralghteners that dlre~: the propellant flow
across the rotor, and a magnetic pickup tilat
produces an oulput that Is suitable for direct
telemetry. Each maF'n1t1c pickup contains an
auxiliary Isolated coil for checkout. Supplying
a voltage to Ihe checkout coil Induces a signal
In the measurement coil. During engine opera
tion, Ihe flow of propellant through the flow
meter sets the rotor in motion. The speed of
the roto': is a fundlon of the volumetric flow~ah.

of the propellant and Is detected by Ple ml:gnellc
pickup. The flux lines thro\l!~h Ow coli build up
and coJiapse, generatlng an electromotlve force
(emf) that can be measured at the connector.
The magn!lude of this emf Is a function of the

1-135. VALVE POSITION INDICATORS.

1-134. The fuel and oxidizer hl1'bopumps are
equipped with magnetic pickups to measure turbo
pump speed for the instrumentation system and
to provtde a turbine overspeed cutoff signal for
static testtn!~. Turbopump shalt steed Is sensed
by the magrlllttc pickup I~at alternalely disturbs
a magnetic field wllh 12 equaliy spaced slots In
the turhopump rotor assembly. As the turbo
JJUlll!' slwlt rolates and each '310t passes the tip
of the pickujJ, the flux dens!1y of the pickup coli
ts Interrupted. The buildup and collapse of the
flux lines generate a voltag'e across the leads.
This voltage is proportlonrJ! to the pump shaft
speed. Tile output of the magnetic transducers
Is designed for generation of a t - 3 volt pllise
sultahle for dtrect telemetry. The fuel turbo
pllmp rotor i~ made rrmn K-monel, whtch does
not exhibit magnetic q.,lalltles IIntll chilled to
_~OOo F. Therefore, checkout of the tachometer
by spinning the turbc.pump Is not feasible at
ambient temperatur'~s. An electrical checkout
can be made, however, by applying a voltage In
the signal coil. T~ls check may be made at
ellher ambient or Ilyrogenlc temperatures.

1-136. The primary flight Instrumentation pro
vides a position Indicator signal for the main
oxidizer valve, the main fuel valve, Ihe gas
generator cont'.'ol valve, the oxidizer turbine
bypaus valve, the slart tank discharge valve,
the mtxture ratio control valve, the augmented
spark Igniter valve, and propellant bleed valv'!s.
The posttion Indicators on the components are
2,OOO-chm potenllometers and/or posilion
switcheB. Vollage ratio Is used to detern,tne
potentiometric valve posilions. Voltage ratio
Is obtained from the telemetry potenllometer
signal and Is calculated from the forIr1ula

Volta e ratio = PotQ.!lllomel£!,. out~~olt!
g Potenllometer input in volts

The voltage drop between the power supply and
the engine Interface m\lst be considered when
delerminlng polenllometer Input,
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1-137. ENGn,!l~ INSULATION.

1-138. Various components o[ the .J-~ engines
are Ins\llated to improve engine reclrculatlon
chilldown, eliminate formatlon of liqUid ail',
mainl:,;n satlsfactory start and restart tempera
ture, and r"duce normal heating durtng engine
op3ratlon. As a resull of the five-engine cluster
used on thla SII stage, tnsulatlon ts Installed to
reduce overheating caused by lJackflow. The
insulatlon materials and Installatlon melhods
va ry grealJy from one component to another.
This variatlon depends on the shape and locatlon
o( the component, physicnl access, Rnd the
111netion and movement of the component.

1-139. The fuel turhopull1p volute, hil:h
prese,ure fllel duct, fuel bleed linc, and start
tank a.·e insulated en all engines '0 help maln
lai .. the cold temper,,!ure conditions th".t are
required in the f\lel system. A portlon of the
Iud bleed line and bracket arc insulated to
8l1minate the formatlon of liqUid all'.

)··140. On SII stage entnnes, insulalionts tn
Hailed on the Ihrust chambel' hat bands and
J'einforcin,( rings aft of the stage heat shield to
provide thermal protectton of these areas from
base-heallnr; during engine operation. Forward
of the heat shield, the main fuel valve, elec
t"ical control assemhly, and the electrtcal
control assembly st rut nre also insulated to
provide thermal protection ngalnst potential
l'eat damage. The fast-shutdowo valve and the
oxidizer turhhw bypass valve are Insulated to
prevent overheating caused by hoa/tall reclrcu
tation of hot gfl&eS if an engine shuts down j n
!light. Ti,c o~idizer turbopump volute, main
oxidizer valve, oxidizer Inlet duct, oxidizer
high-pressure duct, mir'.ure ratio control valve,
<)'drt!zer bleed line, ""d the oxtdlzer tank lJrcs
surization line are inslliated to improve o"ldlzer
sy~<tem chill down clmracterlstlcs during s:age
loading and recirculation operations.

1-141. On :Jfvn stnge engines, the thrust
chamher tubes, helow ihe fuellnlei manifold,
are tnsulated to maintain the thrust chamber
at; cold as pORslble after chiJldown, until the
stage I"( aches the first firing sequence. After
launch, the insulation minimizes the effect of
Rola!" heat on the thrust ehamber between engine
starls,

1-143. !~ngine oppration is sep:,ratN: into three
phases: start sequence, matnstage t and cutoff.
The operation presenied is typical for a single
engine run. Engine operation Is ill'lStrated by
an engine logic dtagram (figure 1-54), en~\ne

start a.nd cutoff sequence flow charts (flgurus
1-ii5 and 1-56), engine schematies reflecting
engine conditions during each stage of operntlon
(figures 1-57, 1-58, and 1-59), and a block dla·
gram flow chnrt (figure 1- 60) showin'i all phasps
of engine operation.

1-144. SlAHT SgQU1,NCE.

1-115. WlI'2n engine start ts initiated, Ihe spark
exciters in the electriral control assembly are
energized and provide enerb'Y fOJ' the augmented
spark igniter and the gas generator spark ig
niters. The ho:lium conh'ol ~nd ir~llitif n-pIHIBP

control valves are simultaneously encrgil'8d,
allowing hellulll from the heliom tank to flow
throu[(I> the helium (pneumatic) regulator to the
pneumatic control system. The helium Is routed
till ough the internal accumulator cheek valve In
the pneumatic control package so that there is
continued pressure to the engine vHlves If the
helium supply falls. Heglllated helh,m flows
from the port an the pneumatic cont 1'01 package
to fill the pneumatic a<,cum"lator, to close the
propellant bleed valves, and to purl~e til!' thrust
ch:unber oxidizer injeclor and gas generator
oxidizer tnjeetor manifold through the purge
control valve. A continuous purge to the oxi
dizer turbopump Intermediate seal cavity flows
from a port located between th" regll] ator and
internal ehcck valve In the pneumatic control
package. Ilellum flows throllgh the normally
open port of the malnstage control ValVE! to the
duslng control port of the main oxidizer valve
and to the opening control port of the pllrge con
trol valve, which allows the thrust chamber
oxidizer Injector COld gas generator [,xidizer
injector pur',es to flow. The normally open
port of the malnqtage control valve also sllpplles
opening contrul pressure to the oxidizer turbln"
bypass valve. The Ignition-phase control valve,
when actuated, loutes helilml to open the aug
mented spark Igniter valve and the main fu"l
valve llnd supplles pressure to the Inlet port of
Ihe sequence v~.1v", located within the main oxi
dtzer valve Ilrst.. ,tage actuator. Doth propel
lants are now flowing under tank pressure
thr'lugh the stationary tur!>opumps.
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1.. 146. "hc "ugJncnted spark igniter valve opens
and oxidizer enters the augmented spa,:k tgnlter
chamber. As the main fuel valve opens, hydro
gen enters the augmented f,park igniter chamber
and the thrust chamber down tubes, then con
tlllUes up the tubes. The sequence valve,
located within the main fuel valve assembly,
is opened when the fu~1 v~l,ve reaeheEi approxi
mately gO-percent open and rout~s lll,llum to the
pneumatic supply port of t~le start tank discharge
valve control valve. Simultaneously with engine
start, the start tank discharge valve delay timer
In the sequence controller ts energized. Upon
expil'atlon of lhe timer (provided the stage
supplied mainstage enable signal is present),
the start tank discharge valve control valve and
the ignltlon-phase timer in the sequence con
troller are energized. If the malnstage enable
signal has net been s\lPll11ed at the explratlon of
the start tank discharge valve delay timer,
energizatton of the start tank discharge valve
control valve ami lhe i"nilion-phase limer will
nol occur. Thl'ust chamher prcchtJI fltel lead
times are conlrollerl by lhe stage-supplied maln
stage eJ' ,lble signal. As the start tank dtscharge
valve control valve energizes and the dtschar(!e
valve opens, gaseous hydrogen, stored under
pressure in the start tank, flows through the
turbine drive syslem, accelerating both turbu
pumps to the proper oper'atlng levels to allow
subsequent i[(nltitll1 and power bulldup of the
gas generator. The relationship of fuel turbo·,
pump to oxidizer turbopump speed buildup is
controlled by Ihe normally open oxidizer turbine
bypass valve that permits some of the gas to
bypass the oxidizer turbine.

1-147. On engines not incornoratlng M')338
change, augmented spark igniter comb~stton
must be detected l.ly the fuslble-Unk Ignltton
detector probe installed In the aUI,ment ~d spark
Igniter. On engines Incorporating MD338 change,
the fusible-link probe Is dtsconn('cted ana elec
trically bypassed by a duml,ly prohe, wilich
resulis in a continuous ignltlon-complet,! signal
being present in the control cir~ultry whenever
engine electrl~al power Is turned on. Atsence
of Ignttlon detection signal wlll cause cuttff at
the expiration of the Ignltton-phase Hmer. If
the tgnitton-complete olgnal is present at expira
tion of the ignil lon-phase timer, the n,alnshge
contrvl valve Is energized. S!nlUltanl'ously, the
spf<rl<s deenerv,ized timer Is energized and It,e
start tank discharge valve control valve is

1-62 Change No. 12 - 18 Oelober 1972

deenergtzed, causing the start tank dtscharge
valve to close. Helium pressure Is vented from
the main oxidizer valve closing control port and
from the opening control port of the purge con
trol valve through t~e normally open port of the
malnslage control valve. The purge control
valve closes, termlnallng the thrust chamber
oxidizer tnjector and gas generator oxidizer
injector manifold purges. Opening control
pressure from the normally closed port of the
mainstage control valve is routed to the ttrst
and second-stage openi"g control ports of the
main oxidizer valve. Applying opening control
pl'essure In this manner and controlled venting
of the main oxidizer valve closing pressure
prOVides a conlrolled ramp opentng of the main
oxidizer valve. The main oxtdizer valve closing
control pressure Is vented Ihrough a thermal
compensating orifice to provide a constant valve
ramp through all temperature ranges. The se
quence valve, located within th~ 111"ln oxtdl7,cr
valve assembly, supplies pneumatic pressure
to the opening control port of the ga s (!enerator
control valve and through an orifice to the
closing control port of the oxidizer turbine by
pass valve.

1-148. The propellants flowtng Into the gas
generator arc ignited by spark plugs; hot- gas
products of combusllon pass through the exhaust
duct to drive the lurbines; high-pressure duct
propellant flows tncrease; and the propellants,
now flowbg under pump pressure, are ignited
In the thrust chanlber.

1-149. MAINSTAOE: OPERATION.

1-11}0. Transition lnto lII"iJlstage occurs as the
turbopumps accelerate to steady-state speeds.
As oxidizer Injection pressure Increases toward
the steady-state level, a mainstage OK signal Is
generated by either one of the malnstage OK
pressure switches. (Cutoff occurs if no signal
Is generated hefore eXiJlration of the sparks
deenerglzed timer.) The augmented spark Igniter
and l;;as generator spark exciters are deenergized
by expiration of the sparks deenergized timer.
Cutoff wlll occur If both pressure-swltch
activated signals (malnstage OK) are lost
during mainstage operation.



H-3825-1 Seclion I
l'aragt'aphs l-151to 1-155

1-151, Steady-state operation I" maintained
until a culoff sib'1JaI Is Initialed. Durln{( Ihls
period, gaseous hydrogen Is tapped from Ihe
forward fuel (Injection) manifold to pressurize
the vehicle fuel tank. The SII stage oxidizer
tank Is pressurized by gaseous oxygen, formed
by routing liquid oxygen from the oxidizer hlgh
pressure duct through the heat exchanger located
In the oxidizeI' turbine exhaust duct. On SIVE
Htage engines, stage-supplied helium (instead
of oxygen) Is routed through the heat exchanger
for oxidizer t~11k pressurization. On restart
mlHilion engines, gaseous hydrogen Is bled from
the thrust chamber forward fuel manifold an.i
liqUid hydrogen is bled from the augmented
spark igllller fuel linc, to reflll the start tank
for en~ine restarl. Approximately GO seconds
of lllaillstage engine operation arc required to
reflll the start tmlk. Engine mixture ratio
control is :Jl'ovided by ihe mixture ratio control
valve, whieh bypasses oxidizer (rom the oxi
dizer (uriJupllllljJ uullel back (0 the inlel. Al a
preseleeted time during en/>ine operation, a
command s(g-nal is suppliea by ihe stage, to
drive the mixture ratio control valve to one of
its two discrete mixture ratio positions.

1-152. CUTOFF SEQUENCE.

1-153. The cutoff signal is received by the Se
quence controller, which simultaneously deener
glzes the malnstage control and Ignition-phase
control valves and energizes the helium control
deenergize timer. Opening control pressure ts
vented from the first- and second-stage main
oxidizer valve opening acluators through the
normally e10sed port of the malnslage control
Va Ive, whll~ opening control pre;lsurc (rom the
augmented spark tgntler valve and the main fuel
valve ts vented through the normally closed
port of Ihe IgJlltton-phase control valve.

1-151. Pneumatic control syslem pressure is
rouled from the normally open port of the main
stage control valve to the closinr; act"ator of
the main oxidizer valve and to the opening con
trol port of the purr,e ccntrol valve. The purge
control valve opens, allOWing helium to flow to
the check valve in the oxidizer injector purge
line and to the check valvo In the gas generator
oxldtzer purge I~ne. These purges wlll flow
when thrust chamber and gas generator c1lamber

preSB'llrefl decay below the level or control sys
tem pressure. The normally open port of the
I[(nlllon-phase control valve roules helium to
the closing control port of the aur,mented spark
Igniter valve and the main fuel valve and to the
opening control port of the fast-shutdown valve
which actuates, allOWing Ihe gas generato!' con
trol valve opening control pressure to vent
rapidly. All valves, except Ihe oxidizer turbine
bypass valve, arc spring-loaded to the clooed
position and stal'l to close as Boon as opening
pressure Is vented. Fuel pressure In Ihe gas
generator control valve helps the spring close
Ihe valve. The oxidizer turbine bypass valve
closing contrul pressure also vents through an
orifice and the fasl-shutdown valve. The oxi
dizer turbine bypass valve is spring-loaded to
Ihe normally open position and starts to open
as closing pressure Is vented. The normally
open port of Ihe mainslage control valve also
supplies opening control pressure 10 the oxidizer
turbine bypaHH valve to help Uw spring open the
valve.

1-155, Expiration of the helium control deener
glze time;: causes the helium control valve to
deenerglze, which closes the valve and "enls
control system pressUl'e through the oxtdl7.er
Inj eclor and g?S generator oxidizer purges. As
the control system pressure is vented to Ihe
actuation pressure of the normally closed puq(e
control valve, Ihe valve actuates closed and the
purges stop. Pressure Is now lockeel up between
the check valve in the pneumatic control package
and the normaUy open side of the malnstagc and
ignition phase control val ves, the propellant
bleed valve control ports. and the pneumattc
accumulator, holding the bleed valves closed.
This locked up pressure Is bled off through an
accumulatoI bleed orlflc~ and vent port check
valve, localed In the line between the closing
control actuator of Ihe main fuel vah e and the
normally open port of the igntllon phase control
valve. As this pressure decays, the propellant
bleed valves open by spring pres3ure and the
culoff sequenc" is complete.
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Figure 1-60. Start, C_ttoff, and Restart Flow Diagram

Change No. 10 - 22 February 197l



TO MAIN OXI])IZEll VA[.V_ SEQUENCE VALVE

IKL VAhV_ DO PEIICENT O|I_N PN_MATIC PBE_II{E _VAILA[;L_
AR(1K VALV_

CON']/{OL VA[VK

_T_N_ E VALVE

;TAINT TAN_ DISCHARGE _
VALVE CONTROL CLO6fN_ pNEUMAT_ pRESSURE

VALVE TO STAR r TANK D_HAf_OE

VALV_

OPENING pNLIJMAT[C p_ESSURE TOIL OpENt'NG PNEUMATIC PRE*_URE

MAIN OXIDIZER VALVE _ TO GO CONTROL VALVE
O:41DIZF.'q DOME P_JROI': ANDGG CLO_[NO PN_IJMA'r]C PREBSURE TO

OXIDIZF, h PURGE OF_ OXIDIZER I_JRDINE nypAS_ VAI,VE

7
MArNSTAG _: OK /

S[ONAL J
IONIT[ON DETECT_D_

IJPAI(K8 DEENERO/ZEDj AND

W80X SONAL_I M_TqT

START TANK

'd]_I.IM 60 8ECOND_

_,_QU[JtE[J :"OR ItEY/'AJ(T

CAVAI_[IJTY

CUTOFF
_[GNAL

[O N ITIOI'I-PI[A$ E _.
CoN'r ROL VALVE

IIEL_M CO_ROh 1

• DEENEROIZED
_IMER

1.0 SECOND a



TAGE

CUIO}F
SIGNAl.

_i"AR T TANK

REFILL8 ,

P,C[]_LMUM _0 $ECOND$

It£QU_ED FOR RE8 L'AIIT
CAPANII J1 ¥

, [_ EEN:'*'ROIZ _D

m DEENEEOIZED

ENEEGZZE, D

IGNITION-PHASE
II,, CONTROL VALVE

VENT OP},ND_G PNEUMATIC PRF_fCE
TO MAIN FIJEL VALVK AND A_I V *_LVE

SPPPLY PNI',UMATIC PIf_.,_SU,qld TO OPEN FA.qT*SlIUTDOWN
VALVE (VENT OPENING PNEUMATIC PRES.qUHE ro GO
CONTROl, VALVE AND CLOSING PNI_UMA_ IC PRESSURE
TO OXIDIZER TURD[NE BYPASq VALVP)

_UPPLY PNEUMATIC P/4E_UHE TO CLC_E ASl

VALVE AND MAIN FUEL VALVE

VEHT OPENING AND CLO_IN_ PNI_MAT[C
PRgBEGNE TO ETABT TANK DISCHARGE
VALVE Cob'r EOL VALVI_

__ _PPLY PN}R'MATTC pI_EK_J_U I_OCL_E MAIN

oxtviz ER VAJ, VE

MA_Nsr_x_uNI'I_GL'"--_- SUPPI,Y PN_._MATIC PRESSVRE 'to OPEN
• ' ' OXIDIZER TU|IDINE BVPAfl8 VALVE

VENT OPENING PNEUMAT|C PEEJ_U_E TO MAiN OXIDrZEq
VALVE

SUPPLY PNEUMATIC PRES.qURE TO OPEN PURGb;
CONTROL VAL'v_ (OAIDIZER tNJECrON PURGE
AND _ OXIDIZEr{ PURGE ON)

ENG_E
"=I_,='OPNI_ATION

TERMINATED

l HEL_M CONTROL _,___

DEENEROIZED HEL_M CONTROL
TIMER VALVE

L0$LC.OND

PROPEI.LANTELEEO

VALVES OPEN

ALL P/JRGEBOFF

ALLCL_ING
CONrRGLPRF_SSIJEE
VENTED

J2-I-I_7



This soclliln til deleted.

R-382B-l

SECTION II

TliHUST CHAMBER AND GIMBAL SYSTEM

Section II

•

Pages 2-1 through 2-8 deleted••

Change No. 10 - 2,~ J:'ebruary 1971 2-1/2-2



This section Is deleted.

R-3B25-1

SECTION lH

GAS GENERATOR AND EXHAUST SYST8M

Section ill

I

Pages 3-1 through 3-8 deleted••

Change No. 10 - 22 February 1971 3-1/3-2



This section 10 deleted.

R-3.825-l

SeCTION IV

PROPELLANT FEED SYSn;M

Section IV

I

Pages 4-1 through 4-18 deleted••

Change No. 10 - 22 February 1971 4-1/4-2



This sccllon Is deleted,

R-3825-1

SECTION V

CONTROl. SYST.'F.M

Section V

I

Pages 5-1 through 5-14 deleted. I

Change No. 10 - 22 February 1971 5-1/5-2



ThlH Hcclloll Is deletad.

n-3825-1

SECTION ~'I

STAnT SYSTEM

Section VI

I

Pages 6-1 through 6-10 deleted. I

Change No. 10 - 22 F'ebruary 1971 6-1/6-2



This secllon Is deleted.

R-3825-1

SECTION VII

INSTRuMENTATION SYS'l'EM

Section VII

I

Pages 7-1 through 7-38 deleted••

Change No. 10 - 22 February 1971 7-1/7-2



R-3825-1

SECTION VIII

PERFORMANCE

TABLE OF CONTENTS

PARAGFt\PH

8-2 Average Enl)ne Perf'lrmance Values

8-7 Engine Performance at Various Altitudes

Section YIn
Contents

PAGE---
8-2

8-2

8-9 Performance Variations He:;ulting From Off-Nominal Conditions
and Propellant Utilization Valve Operation . . • . . . . . . 8-10

8-14 Transfer Function for Engine Thrust Response to PU Valve
Movement • • . • • fl-20

8-16 Influence Coefficients ••.••••.••.•...••• . . 8-20

8-22 Nonlinear Corrections .•••••••.•.•••.••.••
8-24A Oxldlzcr Tank Pressurization Flow (Oxygen) Nonlinear

Corrections . . . . . . . . . . . . . . . . . . .

8-25 PropeUant System Pressure Requirements •••••
8-27 Propellant Bleed Flow During Engine Conditioning

8-29 Surge and Turbopump Inlet Pressure. • • • •

8-33 Propellant System Pre-Valve Data ., •••

• •

• • 8-28

8-28

8-29
8-34
8-34

8-36

8-35 Oxidizer Tank Pressurization System Data ••

8-40 Fuel Tank Pressurization System Data .•• • •

8-36

8-37

8-45 Engine Integral Hydroge'l-Hellum Start Tank Energy Levels. • • 8-37

8-48 Engine Characteristics ••••.•••• ••••••••••
8-49 Transl ent Characteristics .•••••...••••••••

8-52 In-Test Mixture Ratio and Fuel Pump Speed Trends •
8-53 Cutoff Impulse ..... ~ ..............•.
8-f»3A Determination of Cutoff Impulse Using Thrust Chamber

Pressure Measurement • • • . • . • .
8-53C Flight Predlctlon of Cutoff Impulse • • • • •

8-54 Cutoff Propellant Consumption • • . • • . • . . • ••
8-55 Turbopump Speed Decay at Cutoff ••••••••• •
8- 56 Effects of Accessory Drive ••.••••••••••

8-57 Engine Thrust ReSUlting From Restart Fuel Chllldown ••

• •
•

• •

• •

• •

8-50C
8-50C
8-50F
8-50G

8-51
8-52
8-52
8-60
8-60
8-60

Change No. 11 - 25 May 1971 8-1



R-3825-1Section VIII
Paral~rallhs B-1 to B-8

fl-l. SCOPE. This section contains data pertinent to en[\inc system Ilprformance
and is Jll'('spnled as an aid in analyzing; and ddel'mlninp, cprtain sptcific cOlldi
lions. The data repl'esents the latest availahle informatlOn. Chanp,es may he
made as additional test data beComes availahle,

B-2. AVERAGE ENGINE PEHFORMANCE VALUES.

8-2. Average en(-';ine pel'fOl'IUanee values and standard dcviations arc pl'esented
in fig;ul'('s 8-1 ane: 8-2. Thesc valu()s arc ddermj'lCd at standard altitude t:ondi
lions and rated conditions of enp,ine thrust, enginc mixturc ratio, and turbine inlet
tClllperature. The '\Verago values were obtained by performing an eng;ine-cycle
balance, using average values of hardware characteristics, Only eng;ine runs
with constant hardware and orificing werl' considered. The enginc-to-en~(ineand
run-to-run variation!) werc calculated rlircctiy from the results of each test.
AVI'I'age engine performance values for 230K engincs are also shown on a schcmatic
(flgurc 8-3). These valllcs WCl'e obtained during 'nainstage condition at maximum
propellant utilization (50-second data slice). The elw:ine balance data is based
UpOIl a power extraction of 15 horsepower at the accessory drive pad. The acces
sory drive pad is described in section IX.

8-4. Engine configuration changes at certain points in the production schedule
result in some variations in performance.

8-5. Notable changes responsible for performance variations are as follows:

a. At engine .1-2025, the nominal calibration point changed to 225,000 pounds
tl]rust, 5.50 engine mixture ratio, and 1,200· F fuel turbine inlet temperature.

b. At engine J -2060, the nominal calibration point changed to 230,000 pounds
tlll'usL, 5. 50 engine mixture ratio, and 1,2000 F fuel turbine inlet temperature,

8-6. Gaseous oxygen for vehicle oxidizer tank pressurization is bled from the
oxidizer turbopump discharge duct through a heat exchanger in the hot-gas duct.
The vehicle fuel tank is pressurized with gaseous hydrogen from a tap at the
thrust chamber fuel injection manifold. The effects of tank pressurization flow
rate changes versus engine balance are described in lhis section. Engine specific
impulse and mixture ratio do not include the propellants diverted for tank pres-

• surization. On engines incorporating MDI05 or MD194 change, the tap on the oxi
dizer turbopump discharge duct for oxidizer tank pressurization is capped and a
separate customer connect line is prOVided for supplying stage helium to the heat
exchanger for oxidizer tank pressurization.

8-7. ENgINE PERFORMANCE AT VARIOUS ALTITUDES.

8-8. The J-2 rocket engine is designed for upper-stage vehicle application. It
has a relatively large nozzle expansion area ratio of 27. 15:1. At sea level, the
exhaust nozzle is capable of being equipped to operate with no jet separation over
the nominal range of engine operation.

8-2 Change No.4 - 10 July 1968



R-3825 -1 Sect ion VIII

Unit of
Mean(a)

Standard Deviations percent)
Parameter Measurement Engine-to- Engine Hun-to-Hun

PROPELLANTS

Oxidizer density lll/cu fl 70.79
Fuel densit y Ill/cu fl 4.40
Fuel temperature on 37. 156

OF -422.844
Oxidizer OR 164.4'?6

temperature °F -295.b24

ENGINE

Thrust (altitude) III 225,000(b)
Thrust (sea level) Ib 156,400
Specific impulse sec 423.8 O. 18 0.16

(altitude)
Specific impulse sec 293.81

(sea level)
5.50(1l)Mixture ratio 0/1"

Rated duration sec 500.00
Oxidizer weight Ib/sec 449.3 0.18 0.10

Iflowrate (thrust
chamber plus
gas generator)

Fuel weight flow- Ib/sec 81.68 0.1l:! 0.16
rate (thrust ~
chamber plus
gas generator)

762.6(c) IChamber pressure psia 0.85 0.21
(injector end)

Chamber presRure psia 702.2 0.85 0,21
(nozzle stagnation)

Area expans ion 27.12:1 0.23
ratio

(a) Values include correction for runs made with diffuser.
(b) Rated condiiions.
(c) Actual pressure. An observed or recorded measurement is 15 psi greater I

than actual pressure, due to purge--bias effect.
----------- -----------

Figurp 8-1. Average Engine Perfor mance With Standard Deviation Values
at Rated Condiiions (Engines J-2025 Thl'ough J"2059) (Sheet 1 of 3)

Change No. 4 - 10 July 1968 8-3



Section VIII R-3825-1

Unit of
Mean(a)Parameter ;vJeasurement

I OXIDIZEH TURBOPUMP

Engine inlet psia 39.00
pr~ssure

Pump discharge psia 1,080.8 0.63 0.33
pressure

DeveJopect hsad ft :I., 116. 9 O. 58 0.41
Volumetric flowrate gpm 2,907.4 0.17 O. 16

(impeller (low)
Weight Ilowrate (in- tb/sec 458. 5[i 0.17 O. Hi

eludes leakage flow
past PU valve with
PU va Ive in fully
riost:d posi tion)

Horsepower bhp i;,20J.lll 0.60 0.52
SpC'r,d rpm 8,571.9 O. 54 O. 14

I FUEL TUHBOPUMP

Engine inlet psia 30.00
preSRUr(:

Pump [1jsebarg~: psia 1,224.48 Co. 72 O. 43
preSf;1.lre

Devcioped head ft 3'1,51"1.2 0.71 0.43
Volumeirir fluw- gJlI11 8,414.15 O. 18 O. 16

raie
Wei ~ht flown~tC' lhh;ct' B2.4B6 0.18 O. 16
Horsepower bhp '7, 73fJ. 13 2. r)4 a.58
Speed rpm 26, '102. 0 1.0 O. 17

OXIDIZER 'I'URI3JNE

Inl('i pressure (tol.;,I) pSla W,.9 1.72 O. 3'1
Outlet press\ll'(' psi ;1 ;32. l~.i 1. 56 0.43

(static)

(a) VaJl1l;s indllr!p t'orredion (IJI' t'lln~; iliaci!' with diffllser.

,----_._-_.-_.-.._.__._----_._-- --,----------
Figure H-l. Av'?rage hl'lgil1l' Pc,dormante With fjiau<larcl Deviation Valtlf,s

at 'laied Condition:, (f~ngilll'S .1-202~j Throngll ,J·.. 2(59) (Sheel 2 of 3)

fl-,! Challge No.4 - J(J .)II~Y l:1~H:



H-3825-1 Section VIII

--
Unit of

Mean(a)
Standard Deviations Percent)

Parameter Measurement Engine-to-Engine Run-to-Run

Inltlt temperature oR 1,229.54 1. 36 1. 73
OF 769.86

Outlet OR 1,071. 83 1. 41 1. 04
temperature OF 612. 15

Auxiliary power bhp 15.00
available (30
bhp maxi mum)

FUEL TURBINE

Inlet pressure (total) psia 633.61 1. 52 O. ;) 1
Outlet pressure psia 87.08 1. 49 0.36

(ftatic)
1, 659. 7~h)Inlet teIl"per aturE'! OR

OF 1,200.0
0utlet temperature OR 1,22&.6 1. 36 1. 73

°F 760. 9

GAS GENERATOR.

Chamber preVlure psia 654. 7 1. 46 0.51
(injector end)

Oxidizer weight
flowrate lb/sec 3. 4 1. 08 0.51

Fuel weight Ib/sec 3.62 1. ')8 0.51
flowrate

HYDHOGEN TANK PRESSURIZATION

Weight flowratl1 ib/sec O. 80
'1 cmperature OR (eI) I

OXIDIZER TANK .PRESSURIZATION

Weight flowrat.e l.b/fWC 1.8
Temperature 'R (d)

(a) 'YalueSlnc!ude correction for runs made with diffuser.
(h) R::!ted conditions.
{d) Temperawl'e values may be determined from applicable figures in this section.•

Figllt'r, 8-1. Average Engine Performance With Standard Deviation Values
at Rat.ed Conditions (P.ngincs J-2025 Through J-2059) (Sheet 3 of 3)
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Section VIIt R-3825-1

'------------------,-
Unit of Standard Deviations

param_et_e_r M_e_a_s_ure_m_en_t M_e_a~n___'_~E~I-l_g-in-e--t;EJ;inp§u-n--t-o~--R-un-

PHOPELLANTS

Oxidizer density
Fuel density
Fuel temperature

Oxidizer
temperature

ENGINE

Thrust
Specific i1npulf'lG
Mixture ratio
Oxidil'ci' weight

Ilowrate (thl'ust
chamber plus
gas generator)

Fuel weight
flowrate (fhrust
chamber plus
gas generator)

Chamber pressure
(inj ector end)

Area expansion ratio
(corrected)

Ib/cu It
lo/cu It
oR
of
oR
of

Ib
sec
O/F
Ib!sec

lb/sec

psia

70.79
4.40

37.15G
-422.547
164.476

-29:'1.212

230,000
424.9

5.50
458.07

83.29

27.16:1

1,£196
0.75
0.031
3.29

O />?.....

6.6

0.04

598
0.66
0.010
0.86

0.19

2.1

OXIDIZER TURBOPUMP

Engine inlet pressul'e paia 39.00
Pump disch:=tl'ge paia 1,108.5 12. (\9 3.19

pressure
Developed head It 2,172.0 25.9 6.4
Volumetric gpm 2,965.4 20.9 5.5

flowrate
(Impeller flow)

Weight fJowrate Ib/sec '.167.70 3.29 0.1l7
Horoepower blip 2,302.0 41,0 10.1
Speed rpm 8,698.2 53.9 11, 3

(a) Actual pressure. An observed or recorded measurement Ii:: 15 psi greater
than actual pressure, due to purge-bias effect.

Figure 8-2. Average Engine Performance With Standard Deviation Values
at Rated Conditions (Engines J·2060 and SUbsequent) (Sheet 1 f)f 3)
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R-3825-1 Sectlon vm

Unit of Standard Deviations

Parameter Measurement Mean Engine-to-Engine RUf'l-to-Run

FUEL TURBOPUMP

Engine inlet pressure psia 30.00
Pump dil:lcharge psia 1,251. 3 13.39 3.55

pressure
Developed head it 38,336.9 406.2 107.7
Volumetric gpm 8,587.5 64.7 19.3

flowrate
Weight flowrate lb/sec 84.19 0.63 0.19
Horsepower blip 8,587.5 178.2 38.9
Speed rpm 27,167.2 264.3 56.3

OXlDIZlJ:R TURbINE

Inlet pr.essure ;total) psia 89.3 2.2 0.4
Outlet preflsure psia 3S.65 0.64 0.21

(static)
Inlet temperature OR 1,229.2 482.8 463.9

OF 768.5 23.1 4.2
Outlet temperature OR 1,071.2 478.7 4\34.7

OF 61L 5 19.0 5.0
Auxiliary power blip 15.00

avaUable (30 blip
maximum)

FUEL TURBINE

Inlet pressure (total) psla 652.6 14.9 3.8
Outlet pressure psia 90.57 1. 96 0.30

(static)
Inlet temperature OR 1,659.7 482.0 466.0

OF 1,200.0 22.3 6,3
Oullet temperattLl'e OR 1,229.2 482.8 463.9

OF ','6&.5 23.1 1.2

GAS GP;NERATOR

Ch'tmber pressure psla 682.0 15.6 3.9
(injector end)

Oxidizpr weight It/sec 3.11 0.088 0.021
flow rate

Fuel Weight flowrate lb/sec 3.63 0.102 0.020

Fil,"lre 8.2 Average Engine Performance With Standard Deviation Valuell
at Rated Conditions (Engines J -2060 and Suusequont) (Stlflet 2 of 3)
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Section VIII R-3825-1

Parameter
Unit of

Measurement Mean

Stanc\ard DeviationS-

Engine-to-Engine Run-to-Rlm

HYDROGEN TANK PRESSUlUZATION

Weight fJ.owrate
Temperature

Ib/sec
oR

0.90
(b)

OXIDtZER TANK PRESSUruZATION

Weight flowrate
'1' emperature

Ib/sec
oR

2.10
(b)

(b) Temperature values may be determined from applicable fi.gures in this
section.

Figure 8-2. Average Engine Performance With Standard Deviation Values
at Ra~ed Conditions (Engines J-2060 and SUbsequent) (Sheet 3 of ~)
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Figure 8-3. Average EngL,e Performance Schematic (Engines J-2060 and Subsequent)
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Section VIIJ
Paragraphs 8-9 to 8-11

R-3825-1

8-9. PERFORMANCE VARIATIONS RESULTING FROM OFF-NOMINAL CON
DITIONS AND PROPELL.A.NT 'UTILIZATION VALVE OPERATION,

8-10. Variations in specific impulse lind thrust versus altitude are defined in
figures 8-4 through 8-7, Variations in thrust and specific impulse versus engine
mixture ratio (MR) are defined in figures 8-8 through 8-11. A typical curve of
engin" mixture ratio versus propellant utilization (PU) valve voltage ratio for
engines supplied with a PU valve without a rotated deEector is shown in figure
8-12. On en[!;ines incorporating MD283 change, the PU valve deflector has been
rotated 30 degrees count(!rclockwis~-Curvesof thrust, specific impulse, and
mixture ratio versus PU valve voltage ratio for engines supplied with a PU valve
with the rotated deflector are shown in figures 8-12A through 8-12C. If MD283
chango is incorporated after engine acceptance testing, the PU curves in the
Engine Log Book are invalidated and must be replaced with the curves in flffUres
8-12A through 8-12C. The engine propellant utilization (PU) system is designed
for a mixture ratio control of 1. 0 mixture ratio units (MRU).

8-11. Curves of specific impulse, thrust, and mixture ratio versus mixture
ratio control valve position for engines incorporatinr, MD366 or MD371 change,
are shown in figures 8-12D through 8-121<'. The relationship betweenmixture
raUo contro~ valve gate angle and mixture ratio control valve position (telemetry
volts DC) is shown in figure 8··12G.

8-10 Change No. 11 - 25 May 1971
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Figure 8-4. Specific Impnlse Versus Altitude (Engines J -2025 Through J-20~9)
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R-3825-1 Section vm
Paragrapts 8-12 to 8-13
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Figure 8- 5. Specific T:'lpulse Versus Altitude (Engines J- 2060 and Subsequent)

8-12. Performance variatio'1 caused by off-nominal conditions may be determined
using the engine influence coefficients presented in figures 8-19 and 8-20. When
helium is used as the vehicle oxidizer tank pressuranl (SIVB slagel, engine per
formance changes must be determined using the helium flow influence coefficients
in figures 8-19 and 8-20. For engines supplying oxidizer as the vehicle oxidizer
tank pressu!'ant (SIl stage), engine performance changes must be determined using
the correction curve in figure 8-21 with the influence coefficients in figures 8-19
and 8-20. The helium flow influence coefficient column is not used.

8-13. A Mixture ratio variation capability has been provided in the PU valve.
The effect of varying mixture ratio on engine performance may be calculated by
utilizing the Influence coefficients in figures 8··19 and 8-20" Figures 8-12 ancl
8-12C show the relationship between PU valve voUage ratio and engine mixture I
ratio. Thrust chamber propellant flow rates .vhen controlled by differing PU
valve Gettings, including all expected variations, are shown in figures 8-13 and
8-14. Gas g'~nerator propellant flow rates when controlled by differing PU valve
settings, including all expected variations, are shown in figures 8-15 and 11-16.

Change No. 6 - 18 .Jun£: 1969 8-11



Section VIII
Paragraph 8-13A

R-3825-1

8-13A. The PU valve position is expressed in terms of voltage ratio. Voltage
ratio is obtained from the telemetry potentiometer signal and is calculated from
the formula

Potentiometer output in volt~

Voltage ratio"
Potentiometer input in volts

When the .t?U valve position is related to engine performance data, the valve posi
lion also may be defined in terms of nominal, maximum, and minimum propellant
utilization. The PU valve is in the nominal position when the control potentio
meter wiper is in contact with the tap on the control pr.1tentiometer. Maximum
propellant utilization occurs when the PU valve is flllly closed, and minimum pro
pellant ulilization occurs when the PU valve is fully open. The following data
illustralt:!s the relationships between propellant utilization, valve position, and
position indication in voltage ratio:

rrO]J~llant Utilization

Maximum
Nominal
Minimum

Valve Position in
Degrees from Nominal

32.5 (closed)
o ( )

27.5 (open)

Valve Position in
Voltage Ratio

0.025
0.540
0.975

8-12 Change No.4 - 10 July 1968



Figure 8-6 deleted.

R-3825-1 Section VIII

J2-1-74
Figure 8-7. Thrust Versus AltItude-

Change No.7·· 4 December 1969 B-12A/8-12B
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Section VIII R-3825-1
Paragraphs 8-14 to 8-19

8-14. TRANSFER FUNCTION FOIt ENGINE THRUST RESPONSE TO PU VALVE
MOVEMENT. fSee figures 8-17 and 8-18.)

8-15. The transfer function between engine thrust and I'U valve position is given
by the follOWing equation:

S + 1
ilF 15.92 pounds
i) I' = """~-..Jlo.l.:;oi'-'-l;.;;..,---;;----n:-----'--'-(~'--:"")1.....-

1
Ji'deg I'ee

+ 2 x O. 56 26. 49 I

NOTE

S is the Laplace transform operator.

(1)

Since I'U valve resistance is a nonlinear function of valve position, the steady
state gain (g) varies nonlinearly with valve position. For perturbations of the
valve about any position, the steady-state gain has been calculated (figure 8-17).
The dynamics of the engine system arc nearly constant over the PU operating
range, and the poles and zeroes of the above equation do not change sif.(nific'antly
at the extl'eme valve positions. The gain and phlL'lC of the Iransfer function fur
0-30 cps is shown in figul'e 11-18 for linear perturlmtlons at zero degrees frolll
the center tap.

8-16. INFLUENCE COEFFICIENTS.

8-17, The enf.(ine influence coefficients (fif.(ures 11-19 and B-20) result [rom a
linr,arized solution o[ a set of flteady-state eqlwtionfl which dpflcribe the operation
uf an clIgine. Each inUm'lIce coefficient ifl expl'lJsfl(Jd 111 pel'{:ellUI!'.(' form and
represclIts the effect upon an en~:ine dependent val'ialJle of a I- t% e1HllIf.(e in an en
gine independcnt val'iabll'. A c(,effieient preceded by a positive (+) flign, or no
sign, indtcates that an increase in the independent variable results in an il1(:rease
In the dependent variable; a coeffic ient preceded by a negative (-) sign indicates
that an increase in the inde(l('ndent variable results in a decrease in the dependent
variable.

8-18. Influence coefficients possess adequate aceuracy over the entire deflil:1I
operating range of the tJllgine. The e* cOl'rection shown in figures B-19 and H-20
is optiollal for illcrl'ased aceuracy and is to be used with the other ind"pemlrJllt
variables to compute changes in the dependent variables because of ('* non
linearity in the system.

8-19. The following information is required for the sample calculation to deter
mine engine thrust using Influenc() coefficients from figure 8-19 and the listed
operating condltionn.

a. Fuel temperature; 38.00" R.

b. Oxidizer temperature: 165.0" R.

8-20 Change No. 3 - 29 November 1967
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Propellant UL_.__a_;on Valve _iotor-Frequency Response



DependenI. Variabk=s aud

Nominal Value,

A t one percent clYan,;a _)_ ........... _

causes the following

tJel'C'Oll[ c}(alll_C il'--_-_

Thrust, 225,000 lb

Specific Impulse, ,t23.76 ,';ec

Fuel Fl.owrate, 81. f€86 !,b/s:m

Oxi(hzer l.'l(_wratc, 449.27 tb/::ec,

Mixture, Ralio, 5. 50 Oq"

GG Fuel Flowral.e, 3.6[8 Ib/.s_o

GG Oxidizer Flowrate,
3,400 ib/see

Fuel Pump Speed, 26, 799 "pro

Oxidizer Pump Speed, 8,571,7 rpm

T/C Nozzle Stagrt_tion l)t'0,ss, u£e,

_02.24 psia

C* Actual, '1354.6

Fuel Pump Discharge Pre,q:-:,,c,!,

I,224.4 psia (tol.al)

Oxidizer l_mlp Discharr_,e J':e.,i:mrv,
1,080.8 psia (total.)

Fuel Turbine Inlet Tempera,.,,, (.,

I, 660.0 ° R

Fuel Turbine Di,_;eharg¢ 'fon,per,i.-
ture, ],244.5 ° R

Oxidizer Turbine Inle_ JPress,ue,

85. 687 psia (lotal)

Oxidizer Turbine Discharge lh'e_..

sure, 32. 024 pc., (styptic)

Oxidizer Turbine Diseharg,_

'remperalure, 1,071. (1° I_

Gas Generator Chamber Pr'_s;;m'e

(injector end): 654.74 psL,

l,'ll p l

;('C rll I)() y_t f tl 1,e

:_Y 1511" R(a)

i(Numinal Density =
4.40 tb/cu ft)

Oxidizer

Tenlporatllre

164.50 ° R (a)

(Nominal Density =

70.79 lb/cu ft)

Engine
Fuel

Inlet

Pressure

30.0

PSIA

-0, 0432 -0. 3201

-0. (t123 0.0249

-0. 1321 -0. 1247

-0. 012G -0, 3849

O, 1196 -0,260 `>

.._L 2(-;3[¢ -0. 1492

-0,0025 -0. 3663

0. 0035

0. 0019

0. 0157

-0. 0010

-0. 0167

0, 01.68

0.0003

0. t385 -0. 1352 0. 0010
I') t-0. L._O 0.0397 0.00/0

-0. 0522 -.0.298(3 0.00,18

,f)t_, Or-0. (,_. _ 0. 0475 0, 00,,3

-0, 12'1"/ -ft. 2887 0. 0161

-0. 0443 -O. 3156 0.00Z8

0. 2539 -0.2110 -0.0160

O. 252a .0.2060 -0, 0179

-0.06o2 -0.3121 0.0032

(I. o663 -0.3146 0.0034

0. ,;131 -0.2248 ..O. 01.93

_0, 0686 -0. 3114 0. 0044

Inde

Engine
Oxidizer

inlet

Pressure

39.0

PS1A

0. 0277

-0, 0024

O. 0092

O, 033_

0, 0247

6. 0124

O. 0288

(a) At nominal density.

(b) The influence coefficients presented are eff(rtive for engines using bcli, um as the oxidizer tank p_

(c) Refer to paragraph 8-24A h.r iuf_r2uation on use of oxklJzer t_mk pr,._,_uri,,uli, m flow nfflue_" ,ce" ce

O.OlOi!
O, 0073 (J

O. n2(:6 2

-0, 0045 0

O. 0234 2

O, 0380 3

O. 0!59

0.01.55 _"

O. 02,[7 3

0. 0246 3

0.0159

0. 0247 I

t



R-3825.-1

Indepeadent Variables and Nominal Valaes

:idizer EnEin¢, Engine Propellant C*

t.'uol t. md_zer Utilizatio,i Correction
_a_ Inlet Inlet Control 1. O0

Density :-- .Pres,,_ure Pressure Setting
it) 30.0 39.0

PSIA PSIA

32(}1 0.0035 0.02'17 0.00502 0.9443

0249 0.0019 --0.0024 -0.00043 1.0135

]247 0.0157 0.0092 0.00167 -0.0010

3849 --0.0016 0.0338 0.00614 -0.0816

2602 -0.0167 0.0247 0.00447 -0,0805

1492 0.0168 0.0124 0.00226 0.3796

3663 0.0003 0.0288 0.00523 0.4837

1352 0.0010 0.0106 0.00192 0.1699

0.0010 0.0073 0.00289 0.2438

2986 0.0048 0.0256 0,00465 0.9480

0475 0.0033 -0.0045 -0.00082 1.0239

2887 0.0161 0.0234 0.00425 0.5706

3156 0.0028 0,0380 0.00690 0.6186

2110 -0,0160 0,0159 0.00289 0.1012

)50 -0. f_179 O, OU_5 0.00281 0.0780

121 0.0032 9,0247 0.00448 0.,t470

3146 0,0034 0.0246 0.00439 0.4658

2248 -0.0i93 o. 0159 n, 00275 0.0637

_114 0.0041 _.0247 0.00448 0.4574

Fuel Tm_k

Pre ssuriza_ion

Flowrate

0.8 lb/sec

-0.0023

-0.0011

-0. 0090

0. 0003

0.00!)3

-0, 0020

-0. 0014

-0. O005

-0. 0008

-0, O0'JO

-0, 0019

-0. 0026

-0. 0020

O, 0006

0. 0007

-0.0015

-0.0016

0, 0008

-0.0016

Oxidizer Tank

Pressurization

He iiu m

Flowrate

0. 145 lb/sec (b)

0.0035

-0.0003

0.0012

0.0042

0.0031

0.0016

0.0030

0.0013

0.0028

O.0O32

-0,0006

0.0020

0.0048

0.0020

U.0019

0.0031

-0,0024

0.0014

0,0031

Oxidizer

Turbine

Accessory

Drive BlIP

15 lip

-0.0065

0.0006
-0.0022

-0.0080

-0.0058

-0.0029

-0.0068

-0.0025

-0.0053

-0.0061

0.0011

-0.0055

-0.0090

-0.0038

-0.0037

-0.0058

-0.0057

-0.0034

-0.0058

_ing hchum _ss ihc oxidizer talfl', press( r]zahon media (8IVB stage).

pressurization I1 r,.v influence coeflicient__s_(SIl sta._e).

Figure 8-19. Engine hffluence Coefficients (Engine.,; J-2025 Thr,

Change No, 7 - 4



R-3825-1 Section VIII

Independent Variables and Nominal Values

Engine Propellant C*
)xidizer Utilization Ct,rrection

Inlet Control 1.0O

ressure Setting
39.0

PSIA

0.0277 0.00502 0.9443

-0,0024 -0.00043 1.0135

0.0092 0.00167 -0.0010

0.0338 0,00614 -0,5816

0.024'7 0,00447 -0,0805

0.0124 0.00226 0,3796

0.0288 0.00523 0.4_37

Fuel Tank

Pressurization

Flowrate

0.6 lb/sec

Oxidizer Tank

Pressurization

lIelium
• .tI_low_ ate.

0, 145 lb/sec (b}

Oxidi zer

Turbine

Accessory
Drive BIIP

15 lip

m.

Oxidizer Tank

Pre ssu rization

Correction
1. oo(c)

-0.0023 0,0035 -0,0q65 -0.3508

-0.0011 -0.0003 0.0006 0.0299

-0.0090 0,0012 -0,0622 -0.1159

0.0003 0.0042 -0,0080 -0.4287

0.0093 0.0031 -0.0058 -0.3127

-0.0020 0.0016 -0.0029 -0.1437

-0.0014 0.0036 -0.0068 -0.3676

0.0106 0.00192 0,1699

0.0073 0.00289 0,2438

0.0256 0.00465 0.9480

-0.0005 0.0013 _0.0025 0.1351

_0.0008 0.0028 -0.0053 -0.3561

-0.0030 0.0032 -0.0061 -0.3248

0.0045 -0,00082 1,0239

0.0234 0.00425 0.5706

-0.0019 -0.0006 0.00ll -0.0574

-0.0026 0.0029 -0.0055 -0.299i

0.0380 0.00690 0.6186 -0.0020 0.0048 -0.0090 -0.4798

0. 0159 0. 00289 0, 1012 0.0006 0.0020 -0.0038 -0.2187

0,0155 0.00281 0,0780 0.0007 0,0019 -0.0037 -0.2109

0.9247 0.00448 0,4470 -0.0015 0.0031 -0.0058 -0,3093

0.0246 0.00439 0.4658 -0.0016 -0.0024 -0. 0057 0. 7245

0.0159 0.09275 0.0637 0.0008 0.0014 -0.0034 -0.1107

,0.0247 0.00448 0.4574 -0.0016 0,0031 -0.0058 -0.3113

i tank pressurization media (SIV3 stage).
ence coefficients (SlI stage)..

Figure 8-19. Engine Influence Coefficients (E,Nines J..2025 Through J-2059)

Change No, 7 - 4 December 1969 8-2"t
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Dependent Variables and
Nominal Values

A + one percent change of-----*-

causes the following

l)ercent change in

Thrust, 230,000 lb

Specific hnpulse, 425.03 sec

Fuel Flowrate, 83.252 lb/sec

Oxidizer Fiowrate, 457.89 ]b/sec

Mixture Ratio, 5.50 O/F

GG Fuel Flowrate, 3. 712 lb/sec

GG Oxidizer Flowrate, 3. 480 lb/sec

Fuel Pump Speed, 27,272 rpm

Oxidizer Pump Speed, 8, 6[17.3 rpm

T/C Nozzle Stagnation Pressure,

718.05 psia

C* Actual, 7378.0

Fuel Pump Discharge Pressure,

1,247.3 psia (total)

Oxidizer Pump Discharge Pres-

sure, ], 106. 6 psia (total)

Fuel Turbine Inlet Temperature,
1,660, 0 ° R

Fuel Turbine Discharge Temper-

ature, 1,234.8 ° I-{.
O_ddizer Turbine Inlet Pressure,

90. 004 psia (total)

Oxidizer Turbine Discharge Pres-

sure, 33.706 psiu (static)

Oxidizer Turbine Discharge

Temperature, 1,075.5 ° R

Gas Generator Chamber Pressure

(injector end), 696.91 psia

Fuel

Temperature
37,161 ° R(a)

(Nominal Density =
4.40 Ib/cu ft)

Indepel

Oxidizer Engine

Temperature Fuel Oxidize,
164.49 ° R(a) Inlet Inlet

(Nominal Density = Pressure Pressur

70. '79 Ib/eu It) 30.0 39.0

PSIA PS.'.A

-0.0444 -0.3193 0.0035 0.02741

0.0120 0.0245 0.0018 -0.0023

-0.1321 -0.1256 0,0155 0,0096

-0.0142 -0.3835 -0.0008 0.0333

0.1179 -0.2578 -0.0_64 0.0237

-0.2659 -0.1476 0.0169 0.0123

-0.0025 -0.3662 0.0002 0.0293

0.1384 -0.1351 0.0009 0.0108

-0.0219 0.0406 0.0010 0.0074

-0.0532 -0.2981 0.0048 0.0254

-0.0223 0.0470 0.0032 -0.0044

-0.1249 -0.2876 0,0156 0.0235

-0.0459 -0.3144 0.0029 0.0376

0.2560 -0.2124 -0.0162 0.0164

0.2550 -0.2075 -0.0181 0.0160

_0.0676 -0.3100 0.0033 0.0249

-0.0689 -0.3128 0.0035 0.0247

0.2715 -0.2233 -0.0192 0,0162

-0.0692 -0.3108 0.0044 0.0250

_ At nominal dcnsity.

(b) The influence coelficients presented are effective for engines using helium as the oxidizer tmlk

(c) Refer to paragraph 8-24A for itfformation on use of oxidizer tank pressurization flow influence

Figure 8-20. Engine bffluence Coefficients (Engines J-2060 and Subsequent)

8-24 Change No. 4 - 10 July 1968
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Independent Variables and Nominal Values
-

er Engine Engine Propellant c* Fuel Tank Oxidizer Tank Oxidizer Oxid
t(:re Fuel Oxidizer Utilization Correction Pressurization Pressurization Turbine Pres
~Ia) Inlet Inlet COfJtrol 1. 00 Flowrate Helium Accessory Co
nsHy = Pressure Pressure Setting O. vO lblsec Flowrate . Drive BlIP

cu It) 30.0 39.0 0.144 lb/sec (bi 15 HP
PSIA PSIA -

3 0.0035 0.0274 0.00493 0.9447 -0.0025 0.0034 -0.0004 -0.
5 0.0018 -0.0023 -0.00041 1. 0128 -0.0012 -0.0003 0.0005 O.
6 0.0155 0.0096 0.00172 -0.0040 -0.0098 0.0012 -0.0022 -0.
5 -0.0008 0.0333 0.00600 -0.0797 0.0003 0.0041 ··0.0077 -0.
[l -0.0164 0.0237 0.00428 -0.0758 0.0101 0.0030 -0.0055 -0..1

() 0.0169 0.0123 0.00223 0.3873 -0.0024 0.0015 -0.0029 . O.
2 0.0002 0.0?93 0.00527 0.4808 -0.0015 0.0030 -0.0068 -0.
1 0.0009 0.0108 0.00194 O. 1690 -0.0005 0.0013 -0.0'123 -0.
6 0.0010 0.0074 0.002tJl 0.2425 -0.0008 0.0028 -0.0052 .. O.
~ 0.0048 0.0254 0.00458 0.9479 -0.0033 0.0032 -0.0059 -0.

~
0.0032 -0.0044 -0.00078 1. 0228 -0.0021 -0.0005 0.0010 O.
0.0156 0.0235 0.00424 0.5708 -0.0030 0.0029 -0.0055 -0..

q 0.0029 0.0376 0.00677 0.6186 -0.0022 0.0047 -0.0087 .. 0.

-0.Q162 0.0164 0.00296 0.0908 0.0008 0.0020 -0.0038 -0.

D -0.0181 0.0160 0.00289 0.0004 0.0010 0.0020 -0. 003'i -0. ~

b 0.0033 O. 0?-49 0.00419 0.4455 -0.0017 0.0031 -0.0056 -0. ;.

0.0035 0.0247 0.00440 0.4630 -0.0017 -0.0023 -0.0056 O. ~

-0.0192 0.0162 0.00278 0.0492 0.0011 0.0014 -0.0034 -0.

0.0044 0.0250 0.00450 0.4571 -0.0018 0.0031 -0.0058 -0. 3

helium as the oxidizer tank pressurization media (SIVB stage).
essurization flow influence coefficients (sn stage).

-- -
sequent)



Independent Variables and Nominal Values

Engine Propellant c* Fuel Tank Oxidizer Tank Oxidizer Oxidizer Tank
Oxidi7.er utilization Correction Pressurization Pressurization Turbine Pressurization

Inlet Contl'ol 1. 00 Flowrate Helium Accessory Correc(.ion
Pressure :Jetting 0.91) lb/sec Flowrate Drive DBP 1. 00 c)

39.0 0.1441b/sec(b) 15 HP
PSIA

0.0274 0.00493 0.9447 -0.0025 O. (".,34 • O. 0064 -0.3543
-0.0023 -0.00041 1. 0128 -0.0012 -0.0003 0.0005 0.0292
0.0096 0.00172 -0.0040 -0.0098 0.0012 -0.0022 -0.1237
0.0333 0.00600 -0.0797 0.0003 0.0041 -0.0077 -0.4307
0.0237 0.00428 -0.0'758 0.0101 0.0030 ..0.0055 -0.3091
0.0123 0.00223 0.3873 -0.0024 0.0015 -0.0029 -0. 1428
0.0293 0.00527 0.4808 -0.0015 0.0036 -0.0068 -0.3811
0.0108 0.00194 O. 1690 -0.0005 0.0013 -0.0025 -0. 1401
0.0074 0.00281 0.2425 -0.0008 0.0028 -0.0052 -0.3708
0.0254 0.00458 0.9479 -0.0033 0.0032 -0.0059 -0.3291

-0.0044 -0.00078 1.0228 -0.0021 -0.0005 0.0010 0.0501
0.0235 0.00424 O. 5'/08 -0.0030 0.0029 -0.0055 -0.3062

0.0376 0.00677 0.6186 -0.0022 0.0047 -1).0087 -0.4835

0.0161 0,00296 0.0908 0.0008 0.0020 -0,0038 -0.2319

0.0160 0.00289 0.0661 0.0010 0.0020 -0.0037 -0.222'/

0.0249 0.00449 0.4455 -0.0017 0.0031 -0.0058 -0.3178

0.0247 0.00440 0.4630 -0.0017 -0.0023 -0.0056 0.7773

0.0162 0.00278 0.0492 0.IJ01L 0.0014 -0.0034 -0. 1.079

0.0250 0.00450 0.4571 -0.0018 0.0031 -0.0058 -0.3216

zer tank pr!;ssurization media (BIVB stage).
lf1uencf coefflcients (SII stage).
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c. Engine fuel Inlet pressure; 29. 5 psla.

d. Engine oxidizer inlet pressure: 42 psla.

Section VIII
Paragraphs 8-20 to 8-21

e. P.opellrrnt utilization selting required for -·8.0 percent mixture-ratio shift.

8-20. Because the influen('(~ coefficients are linear, the tolal effects of sevpral
influences acting simultaneously on an engino can be determined by adding the
individual effects of each influence.

+

NOTE

FE' T Io" '1'0' P F , PO' and PU are the actual En

gi ne Log Book values of engine thrust, fuel temper
ature, oxidizer temperature, fuel pump inlet
pressure, oxidizer pump inlet pressure, and pro
pellant utilization control setting, respectively.

• FE' T F ' TO ' P F ' PO' and PUN are the
"N N N N N

nominal values of these parameters, as listed in
figures 8-19 and 8-20.

• FT ' FT ' Fp , Fp , and FpU are the influence
F 0 F 0

coefficients for engine thrust found in the appropriate
columns of figures 8-19 and 8-20.

8-21. The calculation for the example would be as follows: The percenluf;c
change in prop(lllant utilizr.tion (PU) control setting to gi ve a specified change in
mixture ratio is found from the equation;

8-25



Section VIII R-3825-1

where MRpu is the j nIluence coefficient for engine mixture ratio found in the PU

control setting colullln: A -8.0 percent change in MRg means
N

Thel'dore, lIsing coefficient::; of figure 8-19:

PU - PUN
----- =

PU
-0.08 -0.08
MR

pU
= 0.00447 = -17.897 .. -1789.7 percent change in

engine 1'11 control
setting

Substituting appropri:lte values gives:

F - 225 000E '
225,000

= 383~.3/515 (-0.0432) + 16~~4~~4.5 (-0.3201)

+ 29.5-30.0 (0.0035) + 42.~;.~9.0 (0.02'17) + (-17.897)(0.00502)
30.0

= -0.090736 = -9.0736 percent

Therefore:

F" = (225,000) (-0.0!J0736) + 225,000 = 204,584 pounds
"

The increnwntal thrust change is found to be -20,416 pounds for the conditions
Btated, yielding a final engine lhrust of 204,584 pounds.

8-26 Change No.4 - 10 Juiy 1968
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(.

_o
L)

N

L) P4

1.0

0.8

0.6

0.4

0.2

0

-0.2

0 1.0 2.0 3.0

OXIDIZER TANK PRESSURIZATION FLOW,

LB/S_.C

J2-1-17

Figure 8-21. Nonlinear Correction Curve for Oxidizer

Tank Pressurization Flow (Oxygen)

Change No. 3 - 29 November 1967 B-27



Sf>cUon vrrr .T1-3825-1
ParagI'Rphs 8- 22 to 8- 24B

8-22. NONLINEAR CORRECTIONS.

8-23. A special computational procedure has been devised to f'xtend the useful
ness of engine influence coefficients. This technique is used to allow nonlinear
corrections to be made for certain parameters where the linear approximation is
not 3ufficiently accurate. An example of this method is the c* correction. In
thi~, case, a plot of c*.correction versus the change in f'nginc mixture ratio is
included with the table of influence coefficients. (Sec figure 8-25.)

8-,24. The change in engine mixture ratio is computed for the changes in propel
lant densities and turbopu!llp inlet pressure, and with the assumption that the c*
eorrection is zero. With this change in engine mixture ratio, the c* correction
is read from ~he CU!'ve. This value of c* correction is used with the other inde
jJendent ,'ariables to compute the changes in the remaining dependent variables.
For example, the change in engine mixture ratio used to dfect the percent th,'ust
change in the preceding example was -8.00 percent; the c* correction from figure
8-25 is -0.075 percent. The true change in f'nl~ine thrust is therf'forc:

(percent change in FE) = "9.0736 - 0.075 (0.9443)

= -9.0736 - 0.0'10822 = 9.1444 percent

Similarly, other nonlinear cOl'I'ections would be applied as additional terll,s in lhe
summation of effects in a like procedure.

8-24A. OXIDIZER TANK PRESSURIZATION FLOW (OXYGEN) NONLINEAR
CORRECTIONS.

8-24D. Engine performance changes with respect to oxidizer tank pressuri7.alion
flow are nonlinear. Therefore, a nonlinear correction technique I1lUst be used.
This technique uses the oxidi7.er lank perssurizalion correction infl.uence coef-
ficent column (figures 8-19 and 8-20) together with the nonlinear correction curvc
of figure 8-21. For any given oxidi7.er tank pressurization flowrate, ohtain:~

value for change in the oxidizer tank pressurizal!on influence coefficients (see
figure 8-19 {or 225K engines anCl figure 8-20 for 230K l'ngines) to find the effect
on the dependent varlabllls. For exampie , to find the effect on thrust (225K pngine)
of an increase in oxidizer tank presl3urizatioJl from the numinal of 1.8 Ib!sec to
3.5Ib/sec, a plessurization correction change of 0.35 percent is read from
figure 8-21. fhe change in thrust Is then:

Percent change in thrust = 0.35 (-0.3508) = 0.123 percent

Change in thrust '" -0.123 (225,000) = _277 pounds
100

Figures 8-22 through 8-24 deleted.

8-28 Change No.6 - 18 June 1969



R-3825-1 Section vm
Paragraphs 8-25 to 8-26

0

-0.10

... -0.20

'"~"ei
0- -0.30

~
".. -0,40

§
t.. -0.50
i5..
~ -0.80

fJ ".,

.~-- ------~_._---~-

-20 ~10 -12 -8 -4 0 4 I!I

(fl !.I-' EN' ) X 100"£~IN~NGqtE MIXTURE RAlJ..9 PERCENT
--p""EN NOMlNAL £NGINE MIX'fURE itA 110 I

12 "
J2·1-30

Figure 8-25. c* Correctlon Curve

8-25. PROPELLANT SYSTgM PRESSURE REQUIREMENTS.

8-26. A Summation of the effects including all known variables on engine NPSH
for full PU excursion conditions is presented in figures 8-27 and 8-29. The I
pressure drop between the engine inlet and the pump inlet is O. Gpsi at a flow rate
of 84. I lb/sec for the fuel inlet duct in the neutral position and 1. 1 psi at a flow
rate of 460 lb/sec for the oxidizer inlet duct in the neutral position.

F'igure 8-26. (Deleted)

Change No. 6 - 18 June 1969 8-29
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50 r------,-------------.,.-----------.--,

MINIMUM NPSIl
AT f.NGINE INLET

<0 .-- •.------ ----I

;Jl,n fT

30 -----+--------------+- . ._

20 __~.J
5.0

lNUJNr: MIX'ITRE UA no

Figure 8-27. l\fainstage Oxidizer NPSH Requirements
Versus Engine Mixture Ratio

All data on pagel; 8··31 and 8-32 deleted.

8-30 Change No. 6 - 18 June 1969



Figure 8- 28. (Deleted)

R-3825-1 Section VIll
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Figure 8-29. Mainstage Fuel NPSH Requirements
Vers\' J Engine Mixture RatIo
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R-38?5-1SectiOl1 VIII
Paragraphs 8-27 to 8-32

8-27. PROPELLANT BLEED FLOW DURING ENGINE CONDITIONING.

8-28. To ensure proper operation of the engine tur/)0PU1ll1JS during the stal't
transient, engine chilldown must provide turbopump inlet conditions that will
ensure sufficient NPSH values. Chilldown is obtained by facility recirculating
pumps which extract flow throug-h the ('n~,ine propellant bieed lines. Liquid pro
pellants should be present throughout the fced system to facilitate t1w pumping,
while elHHlring ::;uf!icicnUy subc()ulpc! !i'IUic! at the lurtJopumps to provide the re
quired pre-start NPSH valtwf!. Curv>Js of fir;uJ:t' 8-30 outline pre-start bleed
ilOwrales as a function of the pressure drop across tile cngine blepd system [or
average bleed flows, and correspollclill!; pressure drops for both liquid hyclro\-\en
and liquid oxy!~en. Curves o[ figure 8,·30 may be used to control or measure tilt,
engine bleed system flowrate IIsinl-{ elll',inc IJrcssllre drop".

8-29. SURGR AND TUHBOl'UMP INLJ:.:T PRESSUHE. The engine inlet dueling,
turbopump inlel c8sing, ami tUl'bopump mounting structure ,Ire designed to with
stand surge pressures of 93 psi above the nominal inlet pressure ill the oxidi 7.e/,
systelll and 102 p~i ill the j uel system. In terms OJ total pressure (surg-e plus
nominal operating), til(> limitatiolls arc 132 psia for the fuel inlet system and 132
psia for the oxidi7.cr inlet system. It is nccessary, t1wrefore, in every specific
application of the engille, th~(t an eV'l.luation of possilJlp vehicle-eluding configura
tions be made in terms of elevation [rom engine connect poinl to propellant tank
disch;lI.'ge and of ducting-run length and diameter.

8-30. Rockctdyne has developed a digital computer program for analyzing waler
hammer effects based on a solution of tile one-dimensional wave equation. This
program bas had significant succcss in predicting pressure sUI'["ing- caused by
rapid valve closure in series piping .systems. The input data [or this program is
diameter, run leng-th, wall lItickncss, modulus of ela3ticity, Poisson's ratio fOt'
the ducting, free acoustic veiocity, adiabatic bulk llJudulus, flowrale of the jJro
ppll<lnt, and the propellant valve dosing c'hal'llctt'risti('. Any C!U()stic1ns cOlJ('('ru·
ing propo:,cd vehicle ducling layouts, in re~are! 10 pl'f,ss'u'e surges, should be
referred to Rorkcldync and ')e accolllpanied by the rcquirpd data.

8.. 31. To minimize cutoff imjJulse and maintain Ow sp()dfiCd close tolerance:~ on
cutoff impulse variation, the engine employs rapid main propdlant valve dO~;Ul es;
this results in water-hamlller j)n'SSlll'e surges. The system surge pr(>ssures
lIave been cvaluated for the most. rapid e!OSU)'CS anti ci patee! und cr PI' opellanl 11 ow
and prcssure conditions enrounterec{ at the maximu:J' of mixture ratio control.

8-32. The maXimum run lengths of jH'OjH'llant feed dueling, which gPllerates
surges safely !)elow lhe maximum surge levels P.t nominal inlet j!I'f'.';sure com!i
lions, are 29.0 feet for the fuel system and 6.0 [eel fOl' the oxkli~f'r syslem at
the engine inlet flange. The maximum run lengths are hased on til(' Hf'(' of
7. 9-inch~IJ), low-pressure, r,tainless-·stee) piping. Tllf' utilization of larger
diameter duclil'g' will reduce the E.urgc pressur f) as it result of (leereaslng t.hf'
How velocity; however, the relation is not dirpc:L If structural requin'llJcnts of
proposed vehicles dictate run I€'ngths gl'e,lter than those nl0.ntiolll',I, tllf' invesliga~

tion of £'urge~suPJlressingmethods is j'(~eollJllIende(l.

8-34
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R-3825-1Section VIII
Paragraphs 8-3;; to 8-38

8-33. !.'!WPE:LLANT SYSTEM PHE.-VALVE DATA.

8..·;l4. 'rhe engine was designed on the assumption th~lt the m lin propellant valveb
are til(' only valve:,; in the vehicle propellant feed systems. Pdditional feed
.o,YlitClJl v,dves, called pre-valves, would only he added to full ill vehicle require
nlents, independently of the engine. If pre-va!'res are add",d, and if their cycle of
upllration i:,; arranged so that both the pre-valve and the engin,~ valve could be
dosed sil111.ltaneously, trapping liquid n'yogenic propellant, tile vehicle manu
facll,l'l'r must then prOVide for pressure relief on the volume I etween tlw valves.
Prcssure wuuld increase due to propellant thermal expansion, and flexible duct
cOlltradioll if the ellp;ine is p;imbaled while in this condition. '1 otal pressure
limitation is pre~;entecl in the previous paragraphs on surg... :lnd turbopump inlet
pressure. The thermal expansion which occm's will effect OUI ellgine fuel volume
of 1. 5 cu it and an oxidizer volume of 1. 48 cu ft.. Enp;ine gimhaling at the speci
fied rate, with a liqUid-filled duel, will reqUire a relief capacity of 2.9 gps. The
vehicle contractor should coordinate with Rocketdyne prior to debrmining the
pre-valve closing sequencc. Proper sequcnein[\ o;:f the valves is i.1lportallt to
ensure a saf(' eng'ille shutdown.

8-35. OXIDIZE.!l..TANK Pf!EgSUmz.ATl.QN SYSTEM DATA,

8-36. The pressurant for vehicle oxidiz('r tank pl'('ssul'lzation Is ob'.ained from a
heat exchanger located In the oxldiz('l' lurbopump turbine exhaust duct. The pres
Burant may be either englne-supp!iPli oxygen or, on en~ines incorporating MDI05
or MDl94 ('hange, vehicle-supplied heliul1l. -

8-37. Vllriatlo/l of pressllri~,atlon system f10wrates alter the engine ol.eratlng
level. ':'he changes in engine performance due to independently v<lrymg, tile tanl~

pressurizatloll flowrates may be calculated usillg the illformation in par.\graph
8-24A.

8 -38. The four-coil heat exchanger design provides for Increased flcxibalty In

Ivehicle tank pressurllmtlon demands. Refer to R-3825-1D for caleulated IJerform
ance clIrves for OXygl" one-coil operatlvn and helium two-evil opel'atioll.

NOTE

The customer connect pressure includes pr<:ssure
drops through all interconnect line!: ,md orifices .

• The helium loss and heat trrulsfer were based on
inlet conditions of 400 ±30 psia and 50 0 (+20°, _OO)R,
except as noted.

" Heat exchanger data is based on component and engine
testing; engine operating' levels are based on calculated
values .

• The curves show the operating condition for an engine
with maXimum, null, and minimum settin[;s of the
propellant utilization valve.

8-36 Change No. 7 - 4 December 1969



R-3825-1 Section VIII
Paragraphs 8-39 to 8-46

8-39. To compute the vehtcle tanking mixture ratio, the taak pressurization flow
requirements should be added to the engine propellant consumption, since engine
mixture ratio and specific impulse do not include pressurization floWl'ates.

8-40. FUEL TANK PRESSURIZATION SYSTEM DATA.

8-41. Pressure for pre&surizing the vehicle fuel tank is nbtalned hy blel::dlng
gaseous hydrogen from the engine thrust chamber fuel Injection manifold.

8-42. Variation of pressurlzatioIl system flowrates alters the engine operating
level. Changer. In engine performance due to independently varying tl1(' tank pres
surization flowrates may be calculated using the Influence coefficients in figures
8-19 and 8-20.

8-43. Variation in fccl tank pressurant fl(·wrates resulting from vehicle f>ystem
demands and engine operating conditions produces changes In customer connection
conditions. Refer to R-3825-1B for curves on fuel tank pressurization pressures
versus flowrate and fuel tank pressurization temperature versus flowrate.

8-44. If tank pressurization flowrates, other than the nominal specified, are
required for a particular application, the anticipated flows should be referred to
Rocketdyne for consideration. A recallbration of the engine may be necessary
to accommodate the new reqUirements.

8-45. ~NQlli!j: INTEGRAL HYDROGEN-HELIUM START TA~K ENERGY LEVELS.

8-46. Hp.llum stored under pressure In the helium tank Is UB<\d to supply pneu
matic preRsure to the engine control system. Gaseous hydrogcn stored under
;lressur() In the hydrogen start tank is used as thc energy source for Atartlng the
e.lglne. Doth the helium tank and the hydrogen start tank are filled from a ground
source. On restart ·mlsslon engines, the hydrogen start tank 18 refilled during
the pl'ecedlng engine operation. Refer to R-3825-1B for prelaunch condltions I
reqUired to prOVide satisfactory engine restart In flight.

Figures 8-30A through 8-39 deleted. I
Change No. 7 - 4 December 1969 8-37
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BOOST,
'MINUTES

Figure 8-40. Engine Helium Consumption (SV Vehicle, SIVB Stage)
i Pages 8-39 through 8-50B deleted.

8-38 Change No. 11 - 95 May 1971
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R-3825·1 Section VIII
Paragraphs 8-47 to 8-49

8-47. Engine helium consumption which can be expected during an SV-SIVB
restar~ mission is shown In figure 8-40.

8-48. ENGINE CHAHACTERISTICS,

8-49. TRANSIENT CHAHACTERISTICS. Maximum and minimum variations of
the fundamental engine paramp.ters during start, utlllzing a pre-chilled thrust
chamber, are shown in figures 8-41 through 8-45. CharacterlsH(!s for both
altitude and sea-level conditions are represented.
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Figure R-41. Thrust Increase at Altitude With PU Valve in Null Position
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Section VIII
ParagralJllS 8- 50 to ij - 52

R-3825-1

8-50. The l'1inimum and maximum conditions presented in the figures represent
3 deviations due to changes in significant va,·iables. The propellant utilization
valve was considered to be locked in position for nominal bypa~'s flow.

b 1. Propellant consumption during start lIIay be determined ftom figures 8-42
ar,J 8-43.

8-52. In-Test Mixture Ratio and F\rel Pump Speed Trends. In-te:;t mixture ratio
data and fuel pump speed characteristics are shown in figures 8-46 and 8-47. The
repeatability bands J'epresent maximum data scatter bands at the slice times,
studied with a best-fit line constructed between sikes.
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Figure 8-42. Fuel Flowrate Increase (Engines J -2025 Thro\l[';:l ,J -2059)
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R-3825-1 Section VIII
Paragraph 8-53

TIM}: FROM STfJV SIGNAL, SECONDS

l0382G-G-97A

F'i[\urc 6-43. Oxidizer Flowrate Increase (Elq:ines J -2025 Throu[.(h J -2059)

8-53. CUTOFF IMPULSE. Thrust decrease, measured trom engine cu[off sigl1al
to 5 percent of rated thrust, is shown in iigures 8-48 threlugh 8-51. A sUlllmary I
of cutoff impulse charactens~i<;s is presented in figure 8-52. Means, run-to-run
standard deviatirllls, and overall standard deviations are tabulated for cutoff im
pulse; means and overal standard deviations arc tahulated for the time for thrust
to reach 5 percent of its rated value. Cutoff impulse values in figure &-52 are
from cutoff signal to 5 percent of rated thrust. To obtain the impulse to zero I
thrubl, add 6,400 pound-seconds to these values. Notable changes responsible
for cutoff impulse variations are as follows:

a. On engines incorporating MD154 change or engines that have fast-shutdown I
(pressure -actuated shutoff) valve 557817 installed as a spare, this valve resulted
in a faster cutoff and caused cutoff impulse to decrease.

Change No.4 - 10 JUly 1968 8-50G/8-50H



R-3825·! Section VIII
Paragraphs 8-53A to 8-53B

b. At engine J -2060, the change to nominal calibration point of 230,000 pounds
thrust raised cutoff impulse.

c. On el)f;ines incorporating MD211 or MD31l) change, addition of filters to the I
fast-shutdolV n valve slowed cutoff and caused cutoff impulse to increase.

8-53A. DETERMINATION OF CUTOFF IMPULSE USING THRUST CHAMBER
PRESSURE MEASUREMENT. The thrust chamber pressure measurement can be
used to determine thrust during the cutoff transient wlwn a correction for the re
sponse of thl' transducer is included. The COl'l'('ction is obtained by means of the
relalionship between tile ratios of the thrust chamber pressure at any time aftl'r
cutoff signal, to the thrust chambpr pressurl' value at cutoff sib'lla~and the vacuum
thrust value at any timp after cutoff signal, to the thrust v'llue at cutoff signal.
(See figure: 8-53.) The vacuulll thrust at the culoff signal is calculated oy using
thl' steady-state data reduction program. The ratio of thrust chambl'r pressul'e to
the value at cutoff signal is d:,termined using the measurpd chamber pressure.
The thrust any lime after cutoff is determined by using figure 8-53. For testing
under sea-level conditions, the impulsl' to 5 percenl of rated thrust is calculated
by integration of thrust valuef: from cutoff signal to 5 percent of rated thrust;
6,100 pound-seconds are addul to obtain the impulse to :"'1'0 thr'lst. For flight
and testing unde)' vacuum conditions, the impulse to ze•..hrust is calculated
directly by integration of thrust values startin/-: at llie time of the cutuff signal.

lJ-53D. For comparison tu culoff impulse, the actual impulse must be stando1.rd
ized. The standard conditions are: null propellant utilization vahe jJosition; main
oxidizer valve actuator temperature of O· F; and standard inlet conditions, pres
surization, f1owrates, and auxiliary power extraction, The equation fur standard
Ization Is:

where

I = I (FFstandardJstandard actual
actual

- t\ I

I t I = actual C'utof! impulse in pound-secondsac ua

I t ill d = cutoff impulse in pound-seconds, at null propellant
Ii an ar utilization valve position and standard conditions

AI = delta cntoff impulse (from figure 8-54) in pound-sec0nds,
at actual main oxidizer valve aCeuator temperature

F =act ual

Fstandard

cutoff thrust in pounds, at actual conditions

= cutoff thrust in pounds, at null propellant utilization
valve position and standard conditions

Change No. 6 - 18 June ',969 8-51



Section VIII
Paragraphs 8-53C to 8-54

R-3825-1

8-53C. Flight Precliction of Cutoff Impulse. The predict-;d cutoff illlpuise for a
flight is determined using the following equation:

(
FFActual \

lactual '" (Istandard + 1\1) I
standard /

The symbols are the sanl(' as defined in paragraph 8-53B.

F.xampl<'. :

Thereforc:

Istandard ., 40,500 poulH.HseclJnds

Fstandard = 205, 000 p\1unds

F t I = lBO, 000 poundsac Ull

1\ I = 7, 000 pound ··seconds

Cutoff ir:lpulse to 2ero thrust,
obtained froll! ('n~ille al'cept
ance tests

Thrust at null propellanl
util12ation valve pOf;ition and
standard allitude conditiuns,
obtained from engine accept
ance tests

Cutoff thrust predicted for
flight

For main oxidi:t.er valve
actuator tClIljJeratul'f' of
-ISO' Fat clJl(\ff, (pl'pdi('led
for flighl)

=
(

lBO, 000)(40, SOD -I 7,000) 205,000

= 41, 700 pound-seconcl~

8-54. CUTOFF PROPELLANT CONSU MPTION. During the transient pertod
from engine cutoff signal at null PU to zero thrust, the engine consumes maximum
of approximately nine gallons of oxidizer and 55 gallons of fuel. This information
should be used to avoid a propellant depletion condition during engine cutoff.

8-52 Change No. '1 - 10 July 1968
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If fast-shut-
C

down valve

is replaced,

' Engine Log-
o boog cutoff

_-_ impulse value
_- should be

, corrected by:

== (a)

e_

-a

Engines J-2012
thru J-2047

Time to Cutoff (a)

5% Thrust ] Impulse

(seconds) I lb-sec

0. 340 35,700

O. 030 2,000

i Engines J-2048
thru J-2059

Time to Cutoff (a)

5_o Thrust impulse

(seconds) lb- sec

0.330 32,200

O. 042 I, 150

Engines J-2060 hhru

J-2071 and J-2074

thru J-2082

Time to Cutoff (a)

5% Tb_rust Impulse

(seconds) lb-sec

0. 350 32,900

0. O34 1,340

Engines J-2072,

J-2073, J-2083, anc

Subsequent

Time to Cutoff (a)

5% Thrust Impuls(

(seconds) lb-sec

0. 340 34, 100

O. 030 1,300

1,330 880 970 760

556970 (MD19 change)
or 556936

(MD 14_9_9change)

557817 (MD15_4ch_nge) 558127 (MD211 change)

(557817)

replaced

by MD154

-3500 -1200

(558127)

replaced

by MD211

-2300 +1200

Cutoff {'alues are based on a main oxidizer valve temperature of :)¢F, with p_-opellant utilization valve in

hal! position, and axe defined from cutoff signal to 5% of rated thrust. To obtain impulse to zero thrust, |
add 6,400 lb-sec to these values. |

Figure 8-52. Summary of Cutoff Impulse Characteristics
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Section VIII R-3825- I

8 -58

RATIO OF CHAMBER PRESSURE TO VALUE AT CUTOFF SIGNAL

Figure 8-53, FmI)l_rica--l- Curve-for Calculating Thrust

Using Ch_,mber Pressure During Cutoff Transient

Change No. 4 - 10 July 1968
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Figure 8-5";.

....
o
c...c-'<

24

22

20

18

t.l
16

I;j 14I
Po....
~ 12

li"l 10S
Po.

8I:§
to. 6to.
0
Eo<

4::>
t.l

<J 2

0

-2 --'---
-4 ,.

-300 -250 -200 -150 -100 -50 0

MAlN OXIDIZER VALVE ACTUATOR TEMPERATURE AT CUTOFF,

Effect of Main Oxidizer Valve Temperature on Cutoff Impulse

II

::a
I

W
ex>
t'-'
01

I....

en
50 100 '""-"F

~.

0
J2-1-52 :::

=::i......



R-3825-1Section VIII
Paragraphs 8-55 to 8-58

8-55. TURBOPUMP SPEED DECAY AT CUTOFF. The estimated turbopump
speed decay from cutoff signal is based on ',he assumption that liquid propellants
are present within the pumps. Estimated decay time from the nominal steady
state operation to zero rpm is ten seconds for fuel and four seconds for oxidizer.

8-56. EFFECTS OF ACCESSORY DRIVE. The accessory drive pad is structur
ally designl)d for 30 horsepower extraction at mainstage speed. The engine per
formance balance is based on the extraction of 15 horsepower. The 15
horsepower value was selected based upon the 'lUminal power required to gimbal
the engine at model specification limits. Variations in this power and the resul\
ing variations in other performance figures may be calculated using the influence
r;Qefficients in figures 8-19 and 8-20. Engine performance may be balanced fo!'
any desired accessory power extraction (30 horsepower, maximum) if so
dictater! by vehicle requi:ements.

8-57. ENGINE THRUST RESULTING FROM RESTART vUEL CHILLDOWN.

8-58. The estimater! maximum fuel flow is approximately four pounds pur second
of liquid hydrogen at the end of the engine restart chilldown phase. This fuel f1::Jw
is calculated from the pressure drop between the main fuel LlIIk and the thrust,
chamber. less hydraulic resistance. This fuel flow will caUFe a maximum cham
ber pressure of apprOXimately 2.7 psi with a correspontllllg thrust of 680 pounds.
The initial flow and corresponding chamber pressure and thrust will be negligible.
since the liquid hydrogen will gasify In the lines, but \\'ill Increase to the
approximate maximum values given above prior to completion of the chilldown
phase. Simila r calculations for the augmented spark igniter indicate a thrust of
approximately nine pounds. The values noted above were based on the follOWing
assumptions: <'hamber temperature is at 2000 F, (hrl.lst coeffident equals 1.5.
hydrogen entering the chamber is all gas, and the ehamlJer flow" full ;,1 the indi
cated chamber pressure.

8-00 ChanJ.(' No.4 - 10 July 1!l08



R-3825-1

SECTION IX

MASS PROPERTIES AND DESnN LOAD CRITERIA

TADI,f; OF CONTFNTS

Section IX
Contents

Paragraphs 9-1 to 9-9

PAIlAGRAPII pAGE lJARAGRAPH

9-2

9-6
9-8

9-17
9-20
9-28

9-,0

9-3;
9-,6
9-37
9-,9

MASS I'ROPf;JlTIES

DESWN LOAD CIlITf;RIA ••• , ••••• ' ••••
Propellant Inlet Duct and Gimhal
Deariug Interfnc(' ............•...•
Lint of Nomenclatur& •••••••••.. ~ ••
samplo Problem ••....•.•...•.......
Propellant Inlet Duct and Gi~hal

Bearing ToleranccR and Deflections.
Gimhl\l noaring Coefficient of
Friction arid Frietion Moment
P.quationa .•......•................
Non~imbaled f'JlginH Leads ••••••.••
Gimhaling IJimi tationa .
Thrust Alinement .
Electrical tmd }'luid CURtomc..·
Connection Loads .............•....

9-1

')-1

()-l

9-9
')-9

9-18

')-IS
9-2')
()-2:;
9-2li

9-26

l)-'11 Heat Shield Attachment .
9-'i3 A~tllntO,. At t'lch Points ,
9-lt5 Gimbal Actuat.or LORds ..•.•.....•...
<)-11.7 Operational and Gimh8lin~ llofvl1'l ••••
9.....lt8 Movement ~ ••...•••...••.... , ..••...
<)-'1.9 Acceleration and V~locity •.•• "0 •••

9-'jO FI ip;ht J,oau Limi ts .
9-')1 Oimhaling arid VehiclC! Loads .
9-')2 Inlet Duct LoadR at GimlJol

Ceuter .•••••...............•.......
9-54 Inle~ Duct Spring Hates .•..........
9-58 Sampl~ Problem ••..•.•.....••...•..•
4)-61 Hydraulic SYAt£lm Installation ....•.
9-62 AcceRRory Drive Pad " .
9-{i6 Quil I Shart .... , .•.. , .. , ,.,.,.
9~7 Hydraulic Bracket Loaels .•..........

9-26
9-2G
'I-}}
')-}}
')--}}

9-3"
9-3't
fJ-1'J

9-)/.
9-,,0
9-',0
1)-112
1)-',2
9-),2
9-'·2

Uhderlined titles denote primary paragraphAo

9-1. SCOPE. This section contains engine
weight, gimbaled masG, center of gravity, and
moment of inertia data for the .1-2 engine, In
formation tor determining maximum permis
sible loads at the engine-to-vehicle interface is
also presented.

9-~. MASS PROPERTIES.

9-3. The engine WfJlght, glmbaled mass, center
of gravity, and moment of Inertia data for the
basic engine and accessories are shown in
figures 9··1 tllrough 9-1. Separatc tables are
provided to differentiate the various fllght con
figuraeons and the static test configuration.
Th~8e figures rcpresent maxtmu", values as
limited by the engine III (>d"l specification. I,'or
additional data, refer to the current J-2
Program Quarterly Progress Heport H-7800.
The shipping weight and center of gravity are
shown in figure 9- 5.

9-4. On 22[jK enginps, the fuel turbopump poiat'
moment of Inertia Is 2.80 Ib/in/sec2 (rotatinr:
hardwlU'e plus fluid) and the oxidizer turbupump

polar moment or Incrtia Is 4.36 Ib/in/sec2 (ro
tating hardware plus fluid). 011 230K engines,
the fuei turbopump polar moment of Inertia Is
3.10 Ib/ln/sec2 (rotating hardware plus fluid)
and the oxidizer turbopump polar moment of in
ertia Is 4.59 Ih/in/s('e2 (rotating hardware plus
fluid) •

9- 5. A reference coordinate axis diagram Is
shown In figure 9- 6.

9-6. DESIGN LOAD CRITERIA.

9-7. The following paragraphs presen( the In
formation necessary !o determine maximum
permissible loads at the nnr:1ne-to-vehicle Inter
faces.

9-8. PROPELLANT INLET DUCT AND GIMBAL
BEARTNG INTERFACE.

9-9. Permisslhle resultant loads at the gimbal
and tnlet line Interfaces are puoented In In
fluence coefflclenl form so that eompatlble loads
for any partlculm' set of v8.l"iahles can be caslly
calculatcd.

Change No.9 - 9 June 1970 9-1



Section IX R-3825-1

Moment 01

Spec Center 01 Gravity Axis Orlb'!n 01 Axes Inerl1a

Weight (Inches) System (Inches) (Slug-rt2)

Description (Lb) y X 'Z" Orientation Y X" "Z" Iy Ix Iz

Rocket Engine
\

3,331 +32.3 -0.1 +1.2 Engine -f 32. 3 .0. 1 +1.2 410 906 8&4
and Acces- \
sorles (dry) \

I
Rocket Engine ~,404 +31. 9 +0.1 +0.9 Engine +31. 9 +0.1 +0.9 418 919 G75
and Acces- I
sorles (burn-
out) I

I
I

Rocket Enginc 3,436 +31. 9 +0.1 +1.0 Engine +31. 9 +0.1 +1.0 421 930 887
and Acces-
sories (wet)

--.

Hocket Engine 3,331 +32.3 +0.8 .0.9 Gimbal +32.3 +0.8 +O.~ 410 884 887
and Acces-
sories (dry)

Hocket Engine 3,404 +31. 9 +0.7 -0.6 Gimbal +31.9 +0.7 +0.6 418 897 896
and Acces-
sories (burn-
out)

Hacket Engine 3,436 +31.9 .0.7 +0.6 Gimbal +31. 9 +0.7 +0.6 421 908 909
and Acces-
sot'les (wei)

Data does notincJude customer-furnished equipment, but Includes 68 pounds
of insulal1on.

Figure 9-1. Weight, Cenler of Gravity, wd Moment ollnerl1a (FUghl Condltlon)
- SII StRge Inboard Configuration

9-2 Change No.9 - 9 June 1970



R-3825-1 Section IX

Moment of

Spec Center of Gravity Axis Origin of Axes Inertia
(Inches) (Inches) (Slug-ft2)Weight System -Description (Lb) Y X Z Orlentatlon 'Y X Z Iy Ix lz -

Rocket Engine 3,584 +29.9 -0.1 +1.0 Engine +29.9 -0.1 +1.0 437 986 925
and Acces-
sories (dry)

Rocket Engine 3,713 +29.1 +0.1 +1. 5 Engine +29.1 +0.1 +1.5 452 1,018 942
and Acces-
sories (burn-
out)

Hocket Engine 3,745 +29.1 +0.1 +1.4 Engine +29.1 +0.1 +1.4 452 1,018 942
and Acces-
sories (wet)

Rocket Engine 3,584 +29.9 +0.7 +0.7 Gimbal +29.9 +0.7 +0.7 437 952 959
and Acces-
sories (dry)

I

Rocket En(;ine 3,713 +29.1 +1.1 +1.0 Gimbal +29.1 +1.1 +1.0 452 974 986
and Acces-
sories (hurn-
out)

Rocket Engine 3,745 +29.1 +1. 1 +1.0 Gimbal +29.1 +1.1 +1.0 452 974 986
and Acces-
sories (wet)

Glmbaled 3,356 +31. 3 +0.6 +0.7 Engine 0.0 0.0 0.0 398 1,574 1,521
Mass (dry)

Glmbaled 3,487 +30.7 +0.8 +1.3 Engine 0.0 0.0 0.0 432 1. 642 1,578
Mass (wet)

Glrnbaled 3,356 +31. 3 +0.9 0.0 Gimbal 0.0 0.0 0.0 398 1,541 1,554
Mass (dry)

Glmbaled 3,487 +31.2 +0.8 -0.1 Gimbal 0.0 0.0 0.0 432 1,600 1,620
Mass (wet)

'FlU'fl;: Datalloos not Include cu~tomer-furnlshedequipment, but Incll1ues 92 pounds
of Insulatlon.

FI/iure 9-2. Weight, Center of GraV1ty, and Moment of Inertia (Flighl ConcUtlon)
SIT Stage Oulboard Configuration

Chanl'e No.9 - 9 June 1970 9-3



Sectlon IX R-3825-1

Moment of

Spec Cellter of Gravity
Axis Origin of Axes Inertia

Weight (Inches) System (Inches) (Slug-ft2)

Description (Lb) y X Z Orientation y X Z Iy Ix Iz

Rocket Engine 3,536 +29.8 -0.2 +1.2 Engine +29.8 -0.2 +1.2 428 988 905
and Acces-
sories (dry)

Hocket Engine 3,665 +29.0 -0.1 +1. 7 Engine +29.0 -0.1 +1.7 443 998 922
and Acces-
s,orles (burn-
out)

Rocket Engine 3,697 +28.9 0.0 +1.6 Engine +28.9 0.0 +1. 6 446 1,009 932
and Acces-
sories (wet)

Rocket Engine 3,536 +29.8 +0.7 +1.0 Gimbal +29.8 +0.7 +1,0 428 933 940
and Acces-
sories (dry)

Rocket Engine 3,665 +29.0 +1, 1 +1,2 GImbal +29.0 +1,1 +1,2 443 954 966
and Acces-
sories (burn-
out)

Rocket Engine 3,697 +28.9 +1, 1 +1.2 Gimbal +28.9 +1, 1 +1,2 446 964 976
and Acces-
sories (wet)

Glmbaled 3,308 +31, 2 +0.5 +0.9 Engine 0.0 0.0 0.0 389 1,542 1,487
Mass (dry)

Glmbaled 3,469 +30.3 +0.6 +1,4 Engine 0.0 0.0 0.0 408 1,576 1,505
N'ass (wet)

Glmbalf'll 3,308 +31.2 +1,0 +0.3 Gimbal 0.0 0.0 0,0 389 1,508 1,521
Mass (dry)

Glmbaled 3,469 +30.3 +1, 4 +0.5 Gimbal 0.0 0.0 0.0 408 1,531 1,550
Mass (wet)

NOTE: Data does not Include customer-furnished equ,pment, but Includes 44 pounds
of Insulation.

Figure 9-3. Weight, Center of Gravity, and Moment of Inertia (Flight Condition)
SIVB Stage Configuration

9-4 Change No.9 - 9 June 1970



R-3dJ5-1 Section IX

l:jpec
Weight +
Current Moment ofTest
Equip- Center of Gravity Axis Origin of Axes Inertia

ment(a) (Inches) System (Incht:s) (Slug-ft2)

Description (Lb) Y X Z Orientation y X z rIrx Iz

Rocket Engine 3,967 +3:.1 0.0 +2.9 Engine +35.1 0.0 +2.9 577 1,312 1,257
and Acces-
sories (dry)

Hocket Engine 4,102 +34.3 +0.1 +3.2 Engine +34.3 +0.1 +3.2 593 1,358 1,291
and Acces-
sories (burn-
out)

Rocket Engine 4,134 >34.2 +0.2 +'.2 Enb"ino +34.2 +0.2 +3.2 595 1,369 1,300
and Acces-
sori~s (wet)

Rocket Engine 3,967 +35.1 +2.0 42.0 Gimbal +35.1 +2.0 +2.0 577 1,281 1,288
and Acces-
sori~s (dry) I
Rocket Engine 4,102 1-3'f.3 +2.4 +2.? Gimbal +34.3 +2.4 +2.2 593 1,319 1,330
and Acces-
sories (b!'rn-
out)

Rocket Engine 4, l:l4 +34.2 +2.4 +2.2 Gimbal +34.2 +2.4 ,·2.2 595 1,329 1,340
and Acces-
sories (wei)

Glmbaled 3,739 +36.7 +0.6 +2.7 Engine 0.0 0.0 0.0 544 2,26(1 2,215
Mass (dry)

Glmbaled 3,876 +36.0 .0.8 +3.2 Engine 0.0 0.0 0.0 562 2,313 2,248
Mass (wet)

Glmbaled 3,739 +36.7 +2.4 +1. 5 Gimbal 0.0 0.0 0.0 544 2,235 2,248
Ma~s (dry)

Glmbaled 3,876 I+36.0 +2.8 +1. 8 Gimbal 0.0 0.0 0.0 562 2,372 2,290
Mass (wet)

W Test equipment Inc ludes side-load stahllizer, T-rlng stiflener, release couplings,
water-cooled diffuser, and slatlc-stage-tesllnstrumentatlon.

NOTE: Data docs not Include customer-furnished equlpmenl or therMal Insulation.

Figure 9-4. Weight, Center of Gravity, and Momenl of Inertia (Sea-Level Test Condition)
Sii Stage Outboard or SIVB Stage Configuration

Chan[(e No.9 - 9 June 1970 9-5



SecUon[X R-3825-1

Description

(1) Rocket Engine and Accessories, 230K,
(dry)

(2) Thrust Chamber Exit Closure

(3) Desiccant, T/C (128 units)

(4) Thrust Chamber Covers (4)

(5) _']ISL. g_I2,_']01.1S SUppOPfS 3rid Covers

(6) Static-stage Insi;amcntatlon

Total (1 through 6)

Spec
Weight

(]b)

3,492

+38

+9

+62

+145

+40

V

+29.0

_116.6

+115.0

*81.4

,1.4

+35.1

Center of Gravity
(Inches)

{3,786) (+29.9)

-0.2

0.0

0.0

0.0

-9.6

+]9.1

(-0.4)

+1.2

0.0

0.0

0.0

+O,B

-2.1

(+I.I)

Figure 9-5. Weight and Center of Gravity (EngSne With Shipping Closures Installed)

GIMDAL

CENT_RUNE

J

Figure 9-6. Coardina_ o, Axis Diagram

J2 I 1_

)
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Section IX

-----_._-----------
Particular Values for inlet Variables

for Each Engl'ne Gimbal Position

P
L

= [(Maxlmum operating plus surge presslil'e) <4.0 PSi] (Umlt load fador)

l'F = f.<Ma.<.imum operating phltl surge prevsure) ,14.0 PSi] (llmilload factor)

TQL MAX = 16,600 + E + IF + 64. 5PL In-lb

TQL MlN = -16/600 + E IF + 64. 5PL In-Ib

TQL1 MAX = 16,700 + E + IF + 64.5PL
In-Ib

TQL] MIN = -16,500 + E - IF + 64. 5PL In-lb

'I'QF ,\1A){ = 15,600 + E " 10 + 64.5PF
In .. lb

'I'QF MN = -13,900 + E 10 + 64,5P
F

In-Ib

TQn MAX = 17,200 + E > IG + 64.5P!i' In-Ib

TQF{ MIN = -15/600 + E '. 10 + 64. 51/F
in .. lb

Engine E F GClmbal C CFPosition IlE- lb), jJn-I:» (In.lb). L

1 0 0 0 1 1

2 0 4580 ·,5070 1 1

3 -2760 2280 -2"40 1 1

4 0 f) 0 1 1

5 +2700 -2290 ~.540 1 1

6 0 -4580 50'10 1 1

'I -2760 -2260 ?,510 1 1

8 0 0 0 1 1

9 +2760 2280 -2540 1 1

Fif,llre 9-8. Values for Inlet Variables

9-8 Change No.9 - 0 June 19'10



H-3825-1 S€'ction IX
P,u'agraph~ 9-10 to 9-20

D- to. Special Information Is pro"Ided for non
glmbaleel englnes where the vehicle ducts are
mounted dlrerlly to the turIJolJ\lmp inlet n<'lnl:e~.

9-11. The Iniluence coef[iclelll~ of the nine
gimbal positions for the maximum gimbal anglps
are give'n In fib'1.lre 9-7. Two sels of inIluence
coeHiclcnt~ for the inlet line variables are tabu ..
lated because of the large varlallon In their re
sultant load8 Irom dif~ercnt combinations of
mlsalincmcnt. The Case I eoelflcients are pre
sentet! so that the largest Joat!s at the Inlet line
interface~, wllh compatible loads at the gimbal,
can 1)(' calculated. The Case' II cocfficients ar!'
presented so that the largest loads at the gimbal
intr.'l'lace, with tompalible loads at t1w Inlet line
interfares, can be calculated. 'I'll(' mab'Tlitude~

01 the inlo! variablrfJ 101' the nille gimbal posi
tions are provided in figure 9-8.

9-12. Th" eoefficients are calculated using a
limit coefficient of friction /1 equal to O. 16 for
lhe gimbal bearing surfaces. This same set of
lnfluence l'oeffldcnt8 can be used with Ot/ll'T

value~ offl, such as fll .. by modifying the KFN
and My variables to _1 K1<' 11M

.16 N ane .10 y'

NOTE

MAX ~ • t2, uslnt: a 1. 3 limit load
factor yields ltmitfl~ 1.3 (.12) ~ .16.

9-13. The inliurync', coefficients In fih'ure 9-7
arc expre~sed as a decimal 1l\lInIJer followed by
the sign and marrnltude of the exponential power
of ten to whldl this numb!'r must be raised. 1'0.1

example, an Influenee coefficient with a value of
285.6 would be eqU!'l to 2.806 x 102 and Iw ex
prp-ss!'uln these tables as 2.856>2. Similarly,
a valueofO.0026 would be expresseda~2.600··3.

9-14. It should be noted that My, the m01l1£'llt
on the vehicle Y axis at the gimbal mating sur
face, is used as a final variable for calculating
the perturhation on the Mx :'nd Mz l"ads due to
the friction momcnt resulting from ihe torsion
load.

9-15. Th" resultant loads at the glmbal-·to
vehicle interface that are ealculatpd from these
influence cocfflrlents consider oniy the effects
of the variables listed in figure 9-8. The ad
diliomi resultant loads at the b.-Jmiml-to-vehlcle
Interface from the heat shi"ld, the Interface con
nection systcm, the aerodynamic moment.,
f1nd/or any other ,~d(Utional1oad9 must ~)f~ han
dled ~eparately as a pertm'hatt"n on thl~

analysis.

9-16. A sample prohlplll is Ineluded tn d"nl(JI\
strate the Uhe of the influence eo"fflclen(~. The
Mx and My flight 10adIJ at the gimhal and iulet
line interfar;es for gimbal Positio" 2 arc calcu
lated for the laq;e~t loads on th€' b.-Jmbal; this
implies tllilt Case II of the inlet .\ine Influence
eoefflclen',s must be used.

9-17. LIST OF NOMENCLATURE. Figure 9-9
lists lhe nomenclature used In the snmple proh
lem.

NOTE

fJee fib'ure 9-8 for the lHlJ'licolar
values of the inlet line val'iahle~ at
each gimbal po~ition.

9-18. The effective jll'es~ures of the li"t's PI,
and PF include lIw It< tual linc pressures plus an
efff,clive pressure, J4 jl~l, that account~ fur the
axial force on the turhojlump and vchicle nece~

sary to over-conlP the b-Iction lead when the line
i::, extended or eomprc'5scd.

f/-18. 'I'll" value~ of E, F, and G are dcpendent
on gimb~~l position and arc tabulated in f~g'llrC

9-8. The f1r~t term of each equal!on is depend
ent on various load deflections of the enb.-Jn€' and
vehiele twisting the line. The second term, E,
accounts (or the twisting of the engine with re
spect to the vehicle from gimbali"I'. The la~t

term, an ahsolute magnitudr quantity, is the
tor~lonal load Iwce5sary to overcome the fric
tionai moment which is caused by the axial de
flection load, G and F terlll~, and the pressuri
zation load, PI, l'tnd PF terms, eaITINl in the
c('nler-rlng ~ection that houses the torsion
bellows. A 1. ~ limit load factor (fib"l.re 9-11)
has bef'Jl Included In the listed values for the
various torques.

9-20. SAMPLE PROBLEM. The sample prob
lem may not u~e current influence coefficients
or parUeular values for Inlet variahles sillee
these value,; aro updated when design chHrq~cs

dictate; however, the procedure ren'ains 11n
cJlRlll\pd. To lJ1ustrate the usc of influence
coefficients, the maximum My and Its compatibl€'
vallie of Mx for gimbal Po~itfon 2 arc ealeulaterl
fO!' flight-loading conditions. The Input variables
arc:

a. Maximum actuator force ~ ±42,000 lb.

',. Maxim1l\ll lateral aeceleratifJll ~ 1. 0 G.

c. Maximum longHudinal acceleration eom-
patlble with 1.0 r; lateral ~ 2. G G,

d. Maximum thrust (5.50 mixture ratio) =
230,000 lb.

Change No.9 - 9 ,June 1970 9-9



Sectlon IX

(lb)

(11))

(G' 3)

(G's)

1(·3625·1

Th\" force applied to the engine lrom Actuator 1. Tenalon
In the actuator Is a posltlve forcc.

The lorce applied to the engine lrom Actuator 2. Tension
In the acluator Is a poaltlve lorce.

The projection 01 the vehicle lateral acceleration on the
}''Y plane 01 the vehicle. The positive direction Is shown
In llgure 9-10.

The projection of the vehicle lateral acceleration on the
YZ plane 01 the vehicle. The positive cIlrection Is ahown
In Ilgure 9-10.

(deg) The angle between the lateral accclerat.lon 01 the vehicle
and the vehicle XY plane (llh'ure 9-10). At P = 0, ALAT
Is In this XY plane In tl,e direction 01 the positive X axis.
PoslUvc \'! Is a clockwise rO!.'lUon looking lorward along
the vehicle Y axis.

K

(G' 5)

(lb;

(In. )
• In;'"

(Ib)

The vehicle longltudinalacceleratlon, parallel fo the
v"hlc1e Y'lXi·,. The por;ltlve direction Is Bhown In
llgure 9-10.

The approximate resultant Iorce on the gimbal due to :l

specific Bet of loads on th" engine's given by
I"N = T, FIA ; F2A' KFN Is useo to calculate the
frlctlon momer.1 01 the engine gimbal due to resul!.'lnt
iorces across It. Since the frlctlor. /noment cal, add to
or subtract from the a[·plled loads On the v,imb"I, the
product of thp coefHc1ents times KFN ran have two srts
of values. Compatible sl[~l1s for Oil" scI of coelfidents
arc \lsled as part of the cnelllclcnts. I'he other com
patible set of ';nlues Is obtained by use 01 lhe opposite
sll(T1 for eaoh term. The chotce of which scI to usc Is
dependent on the desired eUeet on the gimbal.

1\ constant <Iepend"nf on tI". p'I'ometry 01 the Vmb"I.
K ~ 1. 0 for fllght load conclltlons or any load conditions
when FN I,; positive. K ~ 0.518 for dry gimballng comll
tions or any load condition wheH FN is negative.

The enl,jne thrust, T, fs positive 3S shown in Hgure
9-10. 'fhe thrust times this set 01 coefficients calcu
lates the effect of the thrust ollset or misd\lllement,
lI, 01 the engine On the !(irnballoads. Since the ellect
of the mlsalJnement can add to or subtract Irom the
app\led loads on the gimbal, these roefficlent~ have
two sets of values and arc treated slmllarly to the
K "'N eonlficient.

Figure 9·9. 1.lst of Nomenel-'lt1lrc (Shnel 1(13)

9.10 Change No. :J - 9 .1'11l0 1970



R-3825-1 Section IX

'f(II

1'QL

(lb)

(Ib)

(in-Ib)

(in-Ib)

(psi)

Tbe engine Ihrust, '1', Is positive as shown in fi{,'Ure 9-10.
'fhe thrust times this set of coefficicnts calculates the
effect of the angular mlsallnement, ll, of the enp;lne.
Since the effect of lhe misallnement ean add to or sobtrad
from the applied loads on the gimbal, these coefficients
have two sets of values and are treated similarly to the
K F'N coefflclenl.

The engine thrust, T, is positive as shown in figure 9-10.
The thrust times this set of coefficients calculates the
thrust loads on tile vehlrlo. The coe£ficients for various
positions Include the effects of the sine or cosine of the
gimbal angle.

The torsion load frol11 tho oxidizcr inlet line on tbe
engine.

The torsion load from Uw oxidi7.pI' inlnt 1111(1 to tl-'c
oxidi7.er inlet line interface.

The effective pressU1'e In the oxidizer inlet. line. It In
cludes the pressure In the line plus an adJltional pressure
lImt aceounts for the axi al force on the '_urbopulIlp and
vehicle necessary to ovpr<:ome the frL'lion load from
axial movement of thc line.

C (!b /"9L Ib/ill

TQF (In-Ib)

TQFI
(in-Ib)

PF' (pso

(in-Jb)

A constw.t dependent on the o~ leUzer inlet line spring
rate.

The torsion load from trw fuel inlct ll"e on tI.o engine.

The torsion load from Ihe luel Inlet Jlne on til(' inlet line
tnterface.

The effective pressure In the fuel l"ll'\ line. Il Inducles
the pr~ssure in tbe Une plus all addltionnl preBsure !hnl
nccounts for the axial force On (he turbop'lmp itOld vehicle
necessary to overcome the friction load fI om axial
movement of the line.

A constant dependent o~ Iho fuel Inlet Une spring rate.

Thl) to"slon lono on the Inlet lines caused hy twisting
the engine wHh respect to the vehicle when clmoaling.

Fiv,ure 9-9. List of Nomenclature (Sheet 2 of 3)

Chanlle No••. 9 ,June 1970 9-11



Section IX

F, G

II

(In-Ib)

(Ib)

(in-Ib)

H-3B25·'1

The frictional torsion load on the Inlet lines caused by
the axial deflection of tilt! lines.

The resultant applied forces and moments on the vehicle
at the gimbal and inlet line Interfaces In a vehicle
coorcUnate system that Is parallel to the engine coordin
ate system when the engine has a zero-degree gimbal
angle.

Coefficient of friction.

NOTE

Case I
Inflll("nf"f'
Coefficients

Case II
Influence
Coefficients

Do not usc Case I or Case II influence coefficients simullanenusly.

This set of influenee coefficients Is used to obt.~in the
Jar!:es! loads at tile inlct line 10a,1 point with compatible
loads at the gimbal interlace.

This set of influence coefficients is used to obtain the
largesl loads at the gimbal interface with compatible
loads al the Inlet line load point.

Gimbal IntNface

Oxidizer Inlet
Line Interface

Fuel Inlet Line
Interlace

Inlet Lim'
Load Point

The plane between the ~imbal and the vehicle structure
If the shear keys arc Iv,norcd.

The plane between the oxidizer Inlet line flange and
the vehicle seal and fiange.

The plane between the fuel inlet line flange and the
vehicle seal and flange.

A point on the inlet duct centedine 2 In('hes frol'l the
inlet line interface on the engine "ide of the Jnlet Uno.
intcr!.lee.

Flg"l'e 9-0. L\.st of Nomenclalure (Shcp[ 3 of 3)

D·12 Change No.9 - 0 ,June 19'/0
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SECTION A.A
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Section IX
Paragraph 9-21

H-3825-1

Figure 9-11. Limit Loa,1 Factors
Used In Load Calculations

9-21. The addUonallnformat;on necc£sl\1'Y to
obtain the Inlelline loajs Is listed Ir. lIgurc 9-11.
The limit loads for the variables are computed
from the limit loar\ factol s llstct: in figure S-11.

Design I,oads

Fluid Pressure

Engine Thrust

Acceleration

Actuator Loads

Duct Mlsallnements

Limit Load Factors

1.2 ('Ilaxlmum op
erating prcsl~uJ'c

plus surge
pressure)

1.05 (using maxJmum
thrust)

1. 0 (engine forward
acceleration)

1. 0 (enl(lne lateral
acc(~leratil'ilJ

1. I (usillf, maxJlllum
actuator loads)

1.3 (uulllg cakulateel
loads)

Solving for II,

TAN II = ALATDl4

"ALATDi3

For the specific case 01 maximizing the ~1y load,

DSd
= AIlC TAN --,-; where:

J)S3

~ inll"e""e coefficiclIl for the M
Y

10a(1 component from ALA1'sm p

= influence coefficient for the M
y

lo::ld ('ompnn,':l.llc from ALA'l'C()~ f(

1"1")111 the influence co~fflciellts for gimbal
Position 2, M load,

y

DSJ = 3,236,2

D
54

~ 1. 532+ 3

In general, limit load ~ (limit Joad ractor) (nUl\I
mum or spcclfled load). 'J"ing the .t .lllmit
load faelol' lor actuato)' ',oa"s, 11m two actuator
limit loads dr a:

F
IA

= (1.1) (j 42,000 Ib) ~. 46,200 Ib

F 2A = (1. 1) (; 42,000 lb) = j dO, 200 Jb

1'0 determine ALATeos G and ALA TfHN fl. the

an~12 fI must be determined. '.I'll" specific angle
will be the value tlmt ma:dmj zcs the Slltel of the
'~LA'{'SIN 11 and ALATeD:! fI L~l'Il'S fOl' the load

paramptor being maximizerl, M ,
Y

In [;ol1oral, load ~ ••••. +Aj,ATCOH ~ Di3 '

'\LATHIN ~ ('j4 •••• , wher" Di3 ~"nd Dl4 ".~e

tho appl'opl'iate eueffle:ents.

_
<l("(]J~d_)_ = 0To mH..dn~i?e thp angle ~,Het p

9-14 ::;..8I1go No.9 - 9 J\Jlle 19'10

= AIlC TAN ~~~\; ~ AP.C "IAN 4.737

"" 78.10'

Hence, using the above information and a 1.0
IJmlt load-laetor,

ilLA'J'SIN II " (1.0)(1.0 n) (0.9781)

- 0.9784 G

ALATCOS fI = (1.0)(1.0 G)(0.206J)

~ 0.2067 G

Again, using a!. 0 IImil-load l.letor on nec!!lel'a
tinn, the lim it lon((ltlluinal acc elorall on be (om ','S'

"'LONG = 1. 0 (2.5 G) ., 2. sa
Using a 1.05 limit-load factor on lhe ma>:lmum
thrust yields,

l' = LaS (23U,000 Ib) = 241,500 lh

In ordor to calculate a F'N 'ompa\\hle with the

max)'nizRuon of r.\, the valtws fol' F1A anrl

t'2f useD in eaJc\1lating t"is lll'l.X1mUIIl M must, y
be used.



11-3825-1 SeeUon IX
PUI,graphs 9-22 to 9-23

From the Influence coefficients for Position 2,
My load, the sign of tile coerrtcients for F

1A
and F2A are (-) and (f), rl'specllvely. lienee,

to obtain the largest My' the signs of F
lA

and

I'2A will be chosen the !lame as thei l'

coerrtclents:

F 1A : - 46,200 lb

F
2A

: +46,20010

With this Information, F
N

becomes:

I'N : T + F 1A + F2A

F
N

: 241,500 \h - 16,200' 46,20010

F
N

: 24l,~00 III

For ll!ght loads K : 1., so

KI'N ~ 1. 0 (241, 500) ~ 241, "f!9 ill

The values of T{!, T~, and Ttl, arc all equal

to the thrust. The subscript refers enly to the
effect that causes the loads on the ~slmhal; $0

Ti\ : T~ ~ T et ~ 241,::'00 Ih_

9-22. The Inlet line 'lreSSUI'es runsistent with
maximum thrust 011 the engine are the engine
operatlng pressures. Available information
Indlcal.es that the .nlel Une surge pressures
occur durlllg thrust decay; therefore, surge
prensure Is zero at maximum '.hrus!. To ohtain
a rnnge on the pressures, a Ir.axlnl1llll limit
pressure and a minimum II,,, it pressure are cal
eulated. FroIr' figure 9-11, the 'llaxlmum limit
pr<'ssure Is 1. 2 til:lcS .he maximum operatJllg
pressure plus surge pressure, and a consistent
mlrtimum lIrnll pressure Is 1 to L 2 times the
minimum operating pressure.

Sine" the Inlet prc~sures arc d9pendent on the
vehicle preGsurJ zatlon system, the prcs~t1res

used In thIs sample problem are Rppr()xlmalerl.

a. Maximum oxidizer oporatillfj prtWHVi'e :::
38.0 psi.

h. Minllnum oxldl zcr operating pI'ellsu o.'e :
31.0 psI.

e. Maximum fuel operaf.lng pi essure :
30.5 psI.

d. Minimum fuel operatlng press lire :
27.5 psi.

Frum figure 9-H, the inlet line pressures are:

PL : [(maximUm operating pressure] lllr:;lt
plus surge pressure) • 4.0 psi f~~tor)

? F [(maximum operating I,ressure] \lir:;lt
IJlus surge pressure) 14,0 psi f~~lor)

P L MAX .- 1.2 (J8.0 .. ~.O): 50.4 psI.

P L MIN: (1/1.2) (34.0 - 4.0): 25.0 pst.

PI' MAX: 1.2 (30.5+4.0)" 41.4 psi.

P F MIN (1/1.2) (27.5 -1.0): 19.0 psI.

From fib'ure 9-8, the inlet lin~ torsion loads and
spring-rate constants are found:

TQL MAX : 11450 + E + IF + 64.5 P L lin-Ib

'IQL MIN : -10400 + E - IF + 61.5 P L I in-Ill

TQLI MAX: 14050 + E .. IF I 01.5 P L I in-Ib

'I'<.1L1 MIN - -14000 + E - IF. 64.:; P L lin·lb

TQF MAX 14050 + E + IG .. 04.5 PI' I in-Ib

TQ F MIN : -13000 IE - IG + 64.5 P F I in-Ib

T(iFI MAX ~ 22050 + E , IU I 64.5 P lo' I i1,-Ill

TQ FI MIN ,.. -21000 + k~ - 'G .. 64.5 PI' Iin-Ib

9-23. For Position 2,

g : 0

F : 28 j() in-Ill

G : -3700In-lh

Change No.9 - 9 .June 1970 9-15



Section IX
Paragraphs 9-2'1 to 9-27

R-3825-1

Solving for thr torques, llsing the appl'opl'ialc
value of PI, and l'F to gi V(' the largest absolute
number,

TQL MAX = 11450 + 0 + 12850 + 64.5 (50.4) 1

TQL MAX = 17550 in-lb.

TQLMIN =-10400+0- 12850+64.5(50.4)1

TQI+ MIN = -16500 in-lb.

TQLI MAX 14050 + 0 + 12850 + 64.5 (50.4)1

TQI,I MilX'- 20150 in ·Ib

TQLI MIN = -14000 + 0 - 12850,64.5 (50.4)1

TQI,I MIN = .. 20100 in-lb

TQt' !vl."X 11050,0 + 1·3700, 61.c (19.6)1

1Qj>' MAX = 16486 in ·Ib

TQF MIN = -13000 + 0 - 1-3700 + 64.5 (19.6)1

TQF MIN = -15436 in-lb

'IQf'I MAX 22050 + 0 + i-3700, 64.5 (19.6)1

TQn MAX = 24186 in-Ib

TQFI MIN = -21000 + 0 - H'700 + 64.5 (19.6)1

TQ F1 MIN = -23436 In-lb

9-24. From figure 9-8, the constants C
L

and

CF are also obtained: CL " CF = 1. The de

tailed calculations of M and M at tI'e gimbal
x l'

Interface using the Input varlabl eS and the In
flumtce coefflci~nts are listed in flg\lre 9-12.
The compatible M and M moments at the inletx y
line interface ure listed in figUl e 9-13. The
cof.'!fidents used for Position 2 of the gimhal
paHern and Case II inlet loads for flight condi
tio"s.

9·25. The first column of Ihe figures lists the
variahles. The second column lists tho nu·
nwrlcal runv,e 01 the varlahles thai have been
calcnlated. Tlte values IifJted fc'r KFN• T""

und M have a ;1 multiplier nut previously dis
eusse,1" Thif term is inserted in the load

9··16 Change Nu. 9 - 9.June 1970

range to easily account fot' the fact tltat the fril'
HOIl moment and thQ off SCi. misalincm ..'nt }m:/e
two sets of values. OHi.:' BPi of values is the sign
given in the influence c'Jcfficicnt tables, and the
other set is the opposHe sib~t of those lIfLed.
This ts equivalent to m'lltlplying the variable by
(tl) to obtain the first set Df c"efficients and by
(-1) to "blain the secolld Sl't, The third column
lists the loads used fOI' maxiJni zmg My' When
a variable's influence ('oeflici()llt for a My load
is negative, the minimum vllue of the '/ariahle
is used. When a variable's Iml\lence (eemci'!l1t
fur the My load is zero, the :oad is jll(:.ep(,ndent
of the variCiolc. Hence, the va luc of tllo variable
can be decided by considerin[, one 'Jf l:,c othcr
loads (F , F , F • M , Ol' !vI ) which is depend-

x y L X Z

ent on lin varia~le; thai is, which has an in
fluence coefficient othcr Ihan Bero. In this man
ner, a compatihle maximization of two variables
can be obtained.

9.. 26. In the specific case calculated, thc in
Huenee coefficients of the variables f(or an My
load have some Zero coefficlents. In ihose
cases, the variable's innucnce coefficient lor
the Mx load Is inspected and the magHltude of the
variable picked to obtain the I:!rgest compatible
Mx load. In this example, the mab'1tltude of
Tg , PI.' CL' P F , CF , and My variables arc

dependent. 00 the Mx influencc cuefficients. All

mab'1tiludes in figure 9-13 are consistent with
those determined in figure 9-12.

9-27. Tlte maximum My is then calculated by

multiplying the appropriate load by the M in-
y

fiuence coefficient and summing up the products.
This maximum My is then applied as the last

variable, No. 16, The Mx load compatible wHit

tlw maximum M Is then calcula(cd by multiply-y
ing the loads in the third colun", by the M in-

x
fluence coefficients and summing up the 1'1'0
ductE<. The remaining load calculatior,s for
F' , F' , F , and M can be obtained In a r,Jml-x y z z
lar manner.
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Resua",nt Applied Load at VehIcle to
ApplIed Load on Engine Gimbal Mating i,urfacc

Loaos for
VarIable Load Hange Maximizing M M (I.C.) 1II)ln-lb) My(I.C.) My(In-Ib)

y I x

(l) F
IA

0146,200 Ib -46,200 Ib -6.596-1 30,450.0 -9.861-1 45,558.0

(2) F 2A +46,200 Ib +46,200Ib -6.608-1 -30,529.0 1. 243+0 57,427.0

(3) ALATcOSll +0.2067 G +0.2067 G -2.920+1 -6.0 3,23612 66.89

(4) ALA TSINll +0.9'/84 G +0.9784 G -6.108+3 -5,976.0 1. 532 ,3 1,498.9

(5) ALONG +2.5 G ~2. 5 G 8.726+ 2 2,182.0 2.5GOt2 640,0

(6) KF
N (241,500) (±l)lb -1241,500Ib -4.55'_-1 -109,931.0 0.40'1-2 20,303.0

(7) T (241,500) (±1)Ib +241,500Ib -1.346-2 -3,251.0 2.614·:l 638.5

(8) T (241,500) (il)Ib -241,500 Ib -3.002-2 '/,250.0 0 0II

(9) 'I' 241,5001b +241,5UO Ib -6.441-1 -1%,550.0 0 °
Case II Oxidizer
!,Ine

(10) TQ
L 17,550 -16,500 In-Ib 0 0 -8.535-) 11,083,0

(11) 1) 50.4 +50.4 psI 3.033-1 15.3 0 0•. I.
25.0

(12) C 1.0 +1.0 -5. '/51h2 - 't:W. 9 U 0L

Case II Fuel
Line

(13) TQF
16,486 -15,435 in-)b 0 0 -1. 202+0 HI, ;)fi4

_15,436 In- Ib

(14) P F 41. 4 I 19.6 psi -2.584+1 ;106.5 0 019.6 pB

(15) C 1.0 1.0 9.6';4+ 1 96.5 0 °F

(16) III (158, '169)(+1) ,158, '/69 .03936 6,252.'1 0 0y

TOTAL -260,080.0 ~ompatlble 158,'/69
max. nUll{.

Figure 9-12. CaIC\llat!rJllS (or llllU:lmum III With a Compatible Value for My x
at Gintbal Interface With Eng-lnG In 1'0slUon 2

Chango No. 9 - 9 .June 19'/0 9 ·1'/



Section IX R-3825-1
Paragraphs 9-28 to 9-30

Hesultant Applied Load at Vehicle to
Maximizing Inlet I,inc Interlacc

Variable Load H..'lngc Load M (I.C.) M (in-Ib) M (L C.) M (in-Ib)x x y l'

Case II Oxi(Uzer LIll!l

(1) TQLI
20150 In-Ib -20,100In-Ib 0 0 1.0 ··20, roo

·20100

(2) PI, 50.4 I 50.4 psi -6.858;0 -345.0 0 025.0 ps

(.l) C 1.0 1.0 e.596+1 85.9 0 0I,

T01'.\L -259.7 -20,100

gj!se " Fuel Line

(1) 'r~ 21886• FI
-20l'16 In-Ib -20,8:16 In-Ib 0 0 1,0 -20,836

(2) PI' 41.4 . 19.6 psi -2.381>0 -40.'1 0 019.0 pSI

(3) CF' 1.0 1,0 -1.259.3 -1,259.0 0 0

'J'O'l'AL -1,305.7 -20,836

FI!,'1lre 9··13. Calculation,; lor M and M Momenls Compalible with a Maximumx y
My at Gimbal Interlace With Enljne In Position 2

9-28. PHOPELLANT INLET DUCT AND
GIMBAL BEARING TOLEHANCES AND
DF. VI ,F:CTIONS.

9-20. The propellant inlet duet and gimbal
bearing inte."raea cIearancm; and torsional de
IlcctlonH arc U~t",1 In fib'1lr" 9-14. The clastic
del'Jrmatlon within thp. b'1mhal asser.,bly is cal
culated USil1f~ gimhal torqufl vahl($ based (In the
enlfinc af; ~ )"(.'dundaTlt system wHit the 1JI1ot lines
and g:ltnbal.reacting torque load; on th~ cIIRIlle.
Since Hooke' s joInt elfpct llnd eJastic deformll
tion withIn I.he gImbal H&sembly arc position
dependcnt, the deflection buJldufl clcarancps at
the actlntr,r attarh point arc cach bl.'ohn ('own
irdo tWG .~Jaximum ('Rses gi"ing compatible
valuer; foc Ho()kF,~' s jOillt (Iffcd and clftsU(' clr
fOl'maqr-n. Thr~ maximum allow: btl' rolatton
01 tI", It.cl and oxIdizer Inlrt ducts is outlincd
in firurc 9·15.

9·.(8 Ct"~ngc No.9 - 9 .JuIIC '~70

9-30. GIMBAl, BEAlHNCo COEFFICIENT OF
FJUCTION AND F'HIC'rION MOMENT .BQUA
TIONS. Sl.atic and dyllamie (.(JcflJcicnt& of lric
lion of thc falH'old appllcd on the gimbal bearing
spherical surface (cone'avc surface of beuing
seat and body) over a temr>eraturc ran~e of
.300 0 to ; 160 0 F nrc dcnned In figures 9-16 and
9.. 17. Tlw values wel'e calculateri from test
dat" and based On the 2. 'lO·lnch spherical seat
reldlu,; ror til!' gimbal boaring. Comblnccl stalic
and dynamic ('oelficicllt of friction of dry-Him
lubricant Il.A01l2··006 (Hooketdync\ Is outlined
in f1b'Ure 9·llJ, This lubricant is used on tor
slunal load br"rin!,: surfaccs of the body side
panels, shalt, nnd retainers. ~·ormulr.s for
computing the friction ll1onH'nt oJ the gimhal
unrler rliflcl'cnl loads and glmlJallng conrJitlon,3
are fl"l1lncd III paragraphs !I .. 31 through 9-~4.
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Deflccti;;;;a;;-ct Cleal:-ance Hotatioii at Aduator
Torsional Deflection or AttItch Poinl on Engine (Dcgrees)

CIearanre Item (a) --r---

=~'"""
C\\se II

Torsional hot.ation of Gimbal 0.00
(Hooke's Joint. Effecl)(b)

0.25

-----
Chamber Attach Poinl DeflecUon 0.10 0.10--------
Torsional Deflecllon of Dome 0.10 0.10.- -
Elastic' Detormation Flight 0.42 O.GO
Within Gimbal
Assem'oly Tesl Stand 0.53 0.77---- - -_.....--
ManufJ.cturing Tolerances 0.22 0.22
Within Gimbal Assembly(c)

.- - -
Dry-Lubricant. W(!al'

Body t.o falllft. 0.05 0.05
Hetalne,' to Shaft. 0.03 0.03

Maximulll Hota lion In One Flighl 1.17 1. 10
Direction From Inatalled
!)osition Test Sland 1.28 1. 27

- - ,
Deflect ion and Ciearance Hotation of

Torsicmal Deflection or Propellant Inlet. Ducts (Degrees)
Clcarance Item Oxidizer Fuel

Duel Duct.. - - -
Torsional Deflection of 0.20 0.20
Propellant Inlet. Duel
Vehicle Attach Flange-- ,----- ------ -----
Maximum Deflection and 1. 30 1. 95
Clcarance Rotatlvn at rump
fnlet Flange in One DirecUon
From Instll1kd Position------ - - --
Propellant Inlel Duct Torslonal 0.20 0.20
Hull Position Misallnemenl

-- ----
Maximum Rotation in One 1. 70 2.35
DirecllOn From Duct
Torsional Null Posit; on -------- '--..---.-._-_._---------
---_._--
(a) Angie indicat.ed is the llla"Imum I,redicled value pxcept for (c).
(b) Hooke's joint. eff~el is a function of engine position as is E'iastlr deformation of

gimhal assl!mbly. The maximum el~stir deformation occllrs in a l'esiUor.
when Hooke's (drecl is z~ro.

(c) Yalue Is based on a sele~lIve fit aShembiy of ,tetalled parln.

NOTE: Case I and Case II maXImize t110 deflecllon ami cleuance I'o!atlons at
the gimbaling position" whet'c Hooke's join! effeel has a vlltuc or 0.2~

degree" aJ!d 0.00 degrees rcspec!Jvcly.

------_.._-------_._--_._--
Figure 9-11. GlmhaJing System Torsional ])cfl<'"lInns llne! Cl"arallcN;

Change N(J. g - 9 .June 1970 9-19
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P;._agraphs 9-31 to 9 33

- t o91:R- d,_. o- l

Torsion Bellox_ (Mildmum
ltr_tali(m fl'Ol_ Noml.al

Pc,stthu!)

Additional Allowable
R:)l.atl.on in Ducts Withmlt

E:<c_v.dl,l_, Allnwabh., Loads
OII ])UIIll)_

'rucal Allmvable
Itulatlen

_2. i0 degrees

a0.32 d_gree

_2.42 degrees

l, Igere 9-15. Allowable flotation of Fuel
and Oxidizer Inlet Dacts

9-31. The spherical-type gimbal (figure 9-19)

has two b;tt_lc load paths: the torsion load (My)

is reacted by the shaft, and the forces (axial

and lateral) are reacled through the seat when
the gimbal has a compres.,lve-load e(_mponent,
as encountered during hot-firing of tile engine.
When the gimbal has a tensile load component,

which occurs during dry glmballng, the torsion
load is reacted similarly to the compressive

load, and tim forces are reacted by the shaft,
ttle retainers, and the scat.

9-32. Secoadary londpaths m tile glmbal are

developed by friction forces resulting in mo-
ment,_ about the glmhal center. These frir'tiuLt
mnments are a fuuction of tile gtlil|)[tl geumetry,
(h,. _ coefficient of friction b,qween the sliding

surf;tees, and the loads across these surfaces.
The four am'face, c, at which the hichon mtm_ents

are generated are:

a. Whfl _;oekr, t_,, I)etween the ghnl)al seat and

the gtmbal hody,

b. The socket hetwoen the lYimbal bcdy and

the sphc, rleal surface of lhe shaft (tensile-!_,ad
condition only).

C, Tile journals between the shaft and tile
retainers.

d. Tile flat sid.s of the shaft and the ghnbal

body.

,m 33, The following equations are for caleulat-
in,'; gflmbal-bearlng friction moments daring hot-
¢_2lng (compression on tilt, ghnbal):

)

)

M
x

v
(sin _) l_'_lt 3 @Fx)2 - , -2= _ (l'y) _ (Vz)2

2R 2 1
k I 1% L My + M x (sin am)

Mzv = (cos _) P3R3 (_x)2 * (Fy) 2 * (Fz)2

+ k2 ]"1 My _ M x (sinet m)

NOTE

Figure 9-19 shows the generate co,figuration of the sphecieal..type

glmbal bearing.

9-g0 Chasge No. 9 - 9 June 1970 i
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Figure 9-18. Coaff;cient of Friction Ba.'ld of Dry-Film Labricant P..A0112-006 (Rccketd:r!le; (S::!.t.:c 2..:10 ;)rnam:c I
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Sec,.imlIX I<,3825-1
Parv,graph9-34

i __ _A-F-1 /
-_--'---.... I ..........._:=':---

)_lf /_. Tx\ _1t 11\
-;,............ j/ ---
............ o .............. I_ t'_-- i -

', J L J_

. i_........ 1__.,,_,._,,

Y' y.m

N ffi i'.

TIIF, OIMIIAL BEAII/NG 1_ ILI,tIRI'RATFD IN "I'IIN

NULI, PIC_ITIO_ FON WII_CH I'FIN VNIII(JI,N AND

J_I_'_tNF', KXL8 AflE COI,L[NEA]I

hlG%l T

J2-1-95

)

Figure 9-19. Engine Gimbal Conflg_iratlon

)

9-34. The definihons of the glmbal-bearlng

paranieters for eouatimm of paragraph 0-33
are given bolow:

, My v, M zMXv v
(in-lh) - The resultant applied

nmmenls at the ginlhal
center in a coerdllla/e

system which is fixed
to the vehlele and is

parallel to the engine

coordinate system
when the engine Iresa

zero degree gimbal

angle.

Fx, Fy, F z (lb) - The resultant applied
forces and rflonlOil_S _lt

Mxp My, M z (in-lh) the gimbalccnterin

the engine coordinate
system.

"if' ¢_ln (deg)

}l2 (in.)

- The engine ghnbal
angles, af is a l)nsi-
tire rolatien about
the axis fixed h'oin

cantil!b¢elltiluvehicle
sltieof the gimbnl;

Ot_ -; ¢ix
v

is s positive
rotation about the axis

that cants (moves)
with respect to lhe
vehicle side of the

gimbal; oil . = a z

•, The radius of shaft

at the retainers,

.-)
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w--

It 3 (in.) - The rzdius of the

body and seat,

_J

Pl

P2

(hi. I - 'rim length el shMt
between teller:, of
t'_, [;1i [l(" t'H,

fl'; - 'i'he co(:ff]cwnt of
lrielion betwt:etl (he

f_aL s_)ol[tiHi el {JH'

ttimbal bearint, stroll
and the body (a posi-

tive qunntltyL

lib
_-fC), - 'l'tv._ ¢'oelhcicnt t,f

fl'ietloll b/q we('n the

re.tainer aml the shrift
(a l)tk'-;llivo quantity).

10
- 'l'ht, t:oulflcient ot

friction between the

br)dy up.d the seat (a
positive qu:_,ttity).

((leg) - Tile angle ill thex v - z v
plane denning tile axis,

A_. (figure 9-20), about
which the engine is
gtmbaling or about
which rotatio, is immi-

nent. Positive rotation

abvet the axis, A_, is
determined by the

right-hand rule.

NOTE

k 1 = ±1, k2 = .+.1, the elloieo of _ 1 or
-) for k is macle so thai the see,,nd

term has the same sign as the first
term ca the right-hand side of the

respective equation. Tile following
excepiions, however_ must be
observed:

1) for ¢=nrr; k I =0

2) for _= (2n+ 1)27---;t,k 2=0

wheren=O, 1, 2, 3 .......

9.-35, NONGIMBALED ENGINE LOADS. The

information presented in figure 9-31 is appli-
cable to uongimbaled engines where the vehicle
propellant duets are connected directly to the
turbopump inlet flanges.

R- 3825- 1 Sechon IX

Parag,'al)hS 9-35 to 9- 36

9-36. GIMBALING LIMITATIONS. The t_lml)al-
il,g hmitation of tile customer enmtec( lines and

propell_nt inlet dncts and ttm ghnbaltng limita-
"on of tim t'imbal bearing are showq illfigure
b-22. The allowable gtml_ali.g iaclud(m cycles
accumulated under all conditions ef eli_{lne

U,%i,[;t'p _titlgh as el'q_,,ue ot)el'atilll t OF ilOl't-.ol)l},'_l.t_nlt._

pre.';sueized o£" nlonprn'.,suriTed, and chilled or
uonchilled. A eycleis definedas either (l)
gimbaling from null position to S tmriitulat'
nngh b then returnlingthrough ntlll to the opposite
angle alld hack to null or (2) [;'imbalint_, from null

position to a corller angle, then arouttd a !;€tnarc
gimbal pattern through the other tln'ee t'Ol'll(!l.

sn_;le:_, then back to I]le original eor/tcr angle,
anti (optional) back fil nail. Any gimbal move- 1_
n|ent that is I/'q_, th,qrt lh/, defined cycle must be Irecorded in the Engll:e I,og Book as a halt cycle%
Figure 9-22 sh,_ws the percentage of design life
expended for each cycle at a particular angular
excursion. The perceutage per cycle nlual be
nmlttpllcd by tile number of cycles at that parti-
cular angular excursion to determine the cunla-

lative percent of de,%lgn life expended. For

squarc.-pattern gimbating, the number of sqeare-
pattern cycles must be multiplied first by I. 5 to
obtain a corrected nu.nber of cycles. To make

sure that glmballng li:nltations are not exceeded,
the cumulative total of percentages of design life
expended must not exceed 100 pe_'cont. An cx-
aml'le of calculations to determine design life
expended for gin)bal bearing (under typical
conditions) Iollows:

(1) Sel to.s of t,.imbal cycles executed:

Two cycles at 0.6 degrees
Eight square-p_ttern cycles "tt 6.0

degrees

Four cycles at 9.4 degrees

(2) Percent of design life expended pel'
cycle (figure 9-22):

At 0.6 degrees, 0.0117 percent
At 6.0 degrees, O, 102 percent

At 9.4 degrees, 0.28 percent

Change No. 9 - 9 June 1970 9-25



Section IX R-3925 - 1
Paragrauhs 9-37 to 9-,14

Yv

,12-1-8_
_J

l,'lgare 9-30. AXI3 Definition

(3) Percent of deslgtt life expended for
total cycles at each particular attgular (*,_ctlrsloa

tie, percentages te be ontero,I in l,;ngblo Log
Book):

At 0.6 degrees: 2 x 0. UII7 = 0.0234
IJerrellt

At 6.0 degrees (square pattern):
corrected number of cycles =
1.5x8 _' 12, and 12 x0,102 =
1. 224 percent

At 9.4 degrees: 4 x 0.28 -, 1.12

percent

NOTE

Total cumulative percentages of
design llfe expended for this series

of gimbal cycles is 2. 3674 percent,
hut rids total percentage value is not
entered in the Engine Ix)i,' Book,

9-37. TIIRUSTALINEMENT,

9-38. The actual thrust vector must be within

43 minutes of tim eaghle eenterlinc and must
pass within 0. 550 inch, or 0. 693 inch on en-

gines incorporating IvID20.___99change, of the gimbnl
center.

CAUTION

Tim vehtc).e contractor must not

adjust tim engine gqmbal bearing to
obtain ,')lincmenl with the vehicle

attach point.

9,39. ELECTRICAI, AND FLUID CUS'I'OMI,:I(
CONNECTION LOADS.

9-40. Al)pltcd ]oadsatthevcbiclc concectlont,

r.aused by gimbalh_g the eagine are h_ted in fig-
ure 9-24. Loads dae to acceleration and vibra-

tion are listed In figure 9-25.

9-41. HEAT SH1EL1) ATTACHMI_NT.

9-42. The heat shield attachment is shown on

tile applicable engine installation drawing. Thu
mP_xin)un_ loa:I which may be applied is 12 lb/in
in any direction,

9-43. ACTUATOR ATTACH POINTS.

9-44. In addition to basi.: su,)port from the

ghnbal block, the engine is ,',upported by Jwo
gimbal acLuators attacacd to the thrust chamber
ntjcctor dome, each 90 degrees from the olher
with respe"t to the centerline ot _hrust. The

actuator envelope and installation requirements
arc described in flgare 9-26 and on the applicable
engine installation drawing. The two actuators
and the installation bolts or pins arc not supplied
with the engine. The data in figure 9-23 presents
a summary of engine spring rates. They are

based on a con)btnahon of test data ,'rod analyti-
cal calculations. Figure 9-23 also outlines

expected variations in sprinl, e rates from engine
to engine.

)
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R-3325-l _c.ciirmIXS

1, htstalla(_onM|salinem,:nts of the 'rtirbol,Uh_p b_terti'_ccs
Fl(lm '/'hell N'.nnlnalIh}sitl_m

(Refer to Customol Cr.nnect Intcrfaro l;r'twing 106175. )

Load Dl'!llectltnls of .in. rtirbol,,m,p Interfaces Fronl 'l'heil
his t_z',lttJ.:P_ls! t !on.';

MiLXI IIILIII] ] {_llgl_

of Motion

A x A x ,5z Ay (_xz @yL t)yF

Oxidizt_ r Furl O.:i(,l z.c I: I;'U, 1

(tit,) (ill,) (ill.) (111.) (deg) ((leg) td('gt

0.790 0.9t0 0.:10 0.10 O. fiO 2.2t) 3 5)

(

l!t|nXi in uui Me i L,Ill
)ri Either the Plus
or Minus Direction
Frt)m the In,;tailed
}'osliion

0.459 0.5,[5 0.05 0.05 0.50 !.30 1.95

3,

Appro×irnale Kir.ernallc Movenlenls for the Turbopunlp
In_;erfaees l'_elative to Their Deflected Positions Caused
by Engine Gilubaling (Delerlnined From 1 aad 2)

A x Ay A z 0x 0y 0z

(in.) .(L":). (in.) (tad)

Oxidizer (- 1 l.ct z - 21. T) 21._ x ll. nix _x T _z

Fuel (-6. ctz + 21.T) .21.ct x 6,_ T
X ¢I X (_Z

-/Sill IBl ._ . i C.qin (,_z I

Flg,,n,c 9.21. Nfmgilnbale,_l Engine Loads (Sheet 1 of 3)

(
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I

Sec!i,m _ R-3825- 1

OXIDIZER PUMP F UEL pL.rMP

NOMINAL NOMINAl,

LOCATION , LOCATION

\ \/_1 x, / x,,.... _-// _, y_, ,j \

0zl _-.-_ Oxl, 0yb 0zl

OXIDIZER PUMP FUEl, PUMP

DISPLACED J-2 F,NG1NE I,OOKING AFT DISPI,ACEI)
LOCATION LOCATION

_x = Xl x0 0x = 0xl- 0x0

Ay = Yl Y0 0y = 0y I - 8y 0

AT, = z 1 z 0 0z = 0zl 0z0

= )2A xz ( z I z 0

0xz = _/-iOxl 0×0)2 + (0zl 0z0 )2

1

2

THE A x AND THEAxz MISALINEMENTS FOR FACH CASE ARE

VECTORILY ADDI'['IVE,

THE axANI) THE a z ARE ANGLES (IN RADIANS) OF RCYrATION

ABOUT TIIE J-2 ENGINE X AND Z AXES.

J2-i-87

Fig_we 9-21, Nongimbaled Engine Loads (Sheet 2 of 3)
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R- 3825- ! S_,ctio IX

(
AI,I,OWABLE LOADS AT THE PUMP INTERFACES

FI{OM THE VEHICLE INLET DUCTS

OXIDIZER PIJMP INTERFACE

VI_tllI.:[,I,;

--_i-" '_=_

DUCT "" t

t-X

I_ I +z

/ I+YI
ENGINE

'NLOADS CARRIED BY DUCT INTO TURt3OPU1VII)S:

J ql I _"6'UEL PUMP IN FI.,RFACL

• I"" - _ /-- m JeT

r---r.....
+Z

F = 1,500 LB
xT_

F = _:1,960 LB
Y

Mxz = 5,000 IN. -t,B

M = 2't_ 0O0 IN. -LB
Y -25,000 llq. -I_B

Fxz = 1,850 LB

F = -.t2,160 I,B
Y

M -_-8,750 IN. -LBxz

M = 24,000 IN. -LD
Y -32, 000 IN. -;,B

THESE LOADS INCLUDE ANY SPRING-RATE LOADS, INERTIAL

LOADS AND LATERAL LOADS FROM PRESSURIZING TIIE DUCTS

I
PRESSURE LOAD ON THE PUMP ACROSS THE
INTERFACE P)',ANE DURING ENGINE O1)ERATION

MAx. = 8,920 LB
F

y MIN. 1,260 LB

MAX. = 8,440 LB

Fy MIN. 1,260 LB

]_TItESE LOADS MUST BE UNIFORMLY DISTRIBUTED INTO TIlE :PUMP

J2-I-88

Figure 9-21. Nongimb,nled l']ngi,e Loads (8beet 3 of 3}
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8c_ctlon IX R-3025-1

0, 5

0,4

0.3

0.01
0. 009

0,007

0.006

0.005

0.0o,'1
0 2

-r:-.i:_......[ I ,

_.. b,q_# .- ;.....

I ......

:

":7

: ._ _- "t .......................

/-" 7-- ::"-: : [" ':[ I ( -T, .... "-.,, '_ ::, 'I

..... ,,--.t - C J_, I OMI,R - ,.X)NNE C I.
i

!]_ l. t'.' ' AND PI::OPICLLANT INLET I)IICT_-;:
[ ' -i ' , [ .I ....... .. , .,H

;_,4 ,K I _1 I H,I,± _l , I / ,: ,= I,=

.......... [ ..- ,._.* LL. , _:" ,.;&=_:: :: , . , I!' .:= . ,...:,.!, .,.. :'"

ia:l:: .:,. .::,:::.::--,:.....: ::.-:.

':"II : IiJIII!IIii!I
t2 4 6 8 J.O

GIMP, AI, ANGI,E, DLGI?HH,o

12

J2-. l....38A

9-.-,0
Figure 9_22. Gimb,'lling LimiI:_tio,_s

C_gnff, oNu. 9- 9,hmo 1970
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R-3825-1 Section iX'

Paragraph_ 9-45 to 9-4B

(

, Loads L Caused by Deflection of Fluid Lines Due to Gunbaling, Ap2__ed at Vehicle Connection

Gimhal F lb F lb F lb M in.-lb M in-!b M in-lb
Position x y z x y z

2 _507 +902 .1"3(i -11880 • 5218 _6989

3 +277 +-247 _160 - 3331 -2352 _1488

4 - 3hi +836 - 144 + 9058 .,3072 -1051

5 -d"3 -870 -160 +10555 44205 ~1728

6 +607 _902 -166 +11880 :5218 -2189

t -2'/7 -247 -160 + 3331 +2352 -I.]88

8 +331 _8_,ti _I44 - 9058 -3072 41051

9 _473 +8'II_ +160 - 10555 -4205 +1728

Loads, CAused bv DeHeclion of Ele?tric Lines Due in qJmbaling, Applied at Vehicle Connection

GlmbM F lb i" lb F lb M m-lb M in-lb M in-lb
x } z z y zPosltion

2 -321 -410 +274 +4581 +443 _5538

3 -289 -361 +221 _ 3734 + 49 _4893

4 -255 -306 +168 _2a86 -341 +4248

5 + 2b _ 44 ,- 50 - 80(; -447 + 515

6 _32_ +410 -2'14 -4581 -.i43 --5538

7 +289 436I -22! -3734 " - 49 -4893

8 _255 +308 -168 +2g_6 _341 -4248

9 - 25 - 44 ÷ 50 + 805 _447 - 515

Figure 9-24. Bending l/+ads Fronl Cuutomcr Connect lanes C,tusedby Gitnbaling the Engilm

9-45. GIMBAL ACTUATOI¢ l.,(.),:r)s.

9-46. Tim loads impo._md by the gimb'O acbta+

t(,rs must nol c×ceed 46,000 poum[s api)ii_d t,)
each actu_,.or oh:In,bet attach point whe._ _t_(,

e+,git)e iv being i{hnbalcd Iftheen_ineish_cked
in the neutral poMliou, a 1.6 degrees, tt is
c}U)}dHe of wltimtanding actuator loa0s of

130, 0fir)p,'n,n0srn:_<_mmrn.

9-47, OPEltATIONALANDGIMBALING 1,0ADS.

9--28. MOVEMENT. The €'ngin_+ iv designed t<,

with-,tand a 7, 5-d¢,gree h,,txir,'mm {_,imba[ angle
tn the plane of eiihe) ;lehla[ot'. Tit+., re.,.ult;m(

corner l_osi_iot| for s]mu[b.ltw.)us ;_ciuaior ex+

te,tsJonot retraction isnl)proxhnaIely i0 (l+'-
grees 36 minutes. Overtrave} pvqitive .+lop
))rovi:-;ion.'i nlust be allintegral par) of the
aCtutltO I'.

(_bang,, No. 9 .- 9 Juoe 197(i 9-33



__:t_1_m B,

Section IX

Paragraphs 9-49 to 9--53
Ru3625-1

DEFIIHTIONS

G× =AcceleraOon in the x directinn, in g's,
due to vibration and vehicle acceleration.

= Acceleration in the y direction, in g's,
Gy duc to vibration and vehicle acceleration.

::Acceleration in the z directiou, in g's,
Gz due tovibration at d vehicle aceeler,_finn,

= ngula tcc_ ]or,then about tllcx Axis,
in " +,2lad/see , due to engine gimb:JlJ,g,

_z = An,L:tdaracceleratk,n about the z axis,

in r._d/sec", duc to engine gind)aliug.

The ahove terms used in the following equations
will give:

Fly., Y, or z)' it,pounds

Mix, y, o," z)' in inch..pounds

LOADS AT VEHICLE CONNECTION

Loads due+ to Fluid Lines:

F --'.-40.7G - 1.51_'
X X Z

F =-40.7 Cl - 1.9h' + 2,3b_
Y y z x

F =-40.7G .+ L7_i
Z Z X

M _+342G +f.t,i8G -. :I18_' - 19,2;'<'
x Y Z x z

M =-342 G - 476G .,J5.2;4 +. 13. IN
Y X Z z x

M =-]J86 G +476(, - 18_' _ 69_
Z >_ y x z

LO%(]s _"/tie to Elt.etricai Innes:

F --+73G _ d,2'd
Z 1< Z

= - 5.5'd - 7.3}J xFy -'13 Gy z

F =-73G + 5.2'd
Z Z X

Mx =-190Gy, 2]02 G z + 401_ v 12"d z

My = 419,) G x , 329 G z- 9.2h_ + 58.2_

Mz = -2102 G x - 329 Gy + _2_/x + 3731,:_

)

Figure 9_25. Customer Cona++'cl .Line iuads Dtu) tu Aece|eratmn and Vibration ,.fCu_tomer
Connect Lines

9-49. ACCELEILATION AND VELOCITY. En-

gine gimb_h ang,,_L'iracceleration most not ex-
ceed 8t_ r,.d/qee • During the boost phase of
flight, bsfore engine igntti(m, the engine mu:;t
not be subjr cted to acceleration_ greater than
pr,+'sented m figure 9-27.

9- 50. FIdG}IT [+OAf) LIMI I'S. Du_ing t l ,"
engine operation phase of flight,the foilnwbl.:
load cc,ndilion,s should not be exceeded:

a+ The hmIiitudinal t+.nd ialerat hmrtia load
limit:, as shown Jl'l figures 9-28 arld 9-29.

I;, Aerodyrmmic moment9 during glmlml
operation ttitlSt ;totexceed the following ancl
must be such tirol,wlmn combined with all(+**her

load% other nla_itnmn |imitation specifications
Jn this manual are not exceednd:

(l) Nn. 1 or No. 2 gltnbalaxls (figuree-6):

:_erodynamic moments of i 110,000 lnch--pounds.

(2) Xor Z ongine axis (figure 9-6): aor(,-

d/namic mo|uenis of 1210, 000 inch-pounds,

9-34 Change No. 9 - 9 .hme 1970

C, JNi_tximuru ,qovedy_an)ie pl'('ssure, onthrttst

chamber must not exceed 500 lb/sq ft.

9-5J. GIMBALINGAND VEHICLE LOADS. The
designed limit of forwatd acceleration with re-

spect in ongln,_girubal angle is shown in figure

9~29. This limit no+curs simultaneously with
lhe l,nieral acc+Heration relationshiu to forward
acceleration as shown in figure 9-26.

fl-52. INJ,LJ'' DUCT LOADS AT GIMBAL
• r *sCi'.N l ER.

9-53, The f(.qlowing equations specify the inlet
duct loads at the gimb_)l center am a f.mctl(,nc,f

the gJmbalangles of the engine, chief _pring
rates, and ti+£nf pressures. The effects of in-

s_allatic,n e)t:,alinem_nts and fricqonal loads
have been included so that (h::y can be used In

(mleulating tne maxiluolD load conditions at _lly

gimbal angle. Figure 9-30 defines the te, ml-
nolc_t_ used in the_c eTmtions+

Pa.zes 9-34A and 9-34D d_h, ted.

)
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Sectlon IX R-3825-I

I.I

1,0

0.9 -----

i 0,7

i 0,605
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"_ 0.3

0.2

0,1

I i

1 _ $ g IO II

................... p ......

.... ..-__ __

3 4 5

FORWARD LO_'_,ITUDL_z_L ACCELERATION, I/K

J2-1-_1

Figure 9-27. Boost-Phase Load FacLors at Zero Thrust

)

)

FOT(_,'^RFI [_Oi_l'((II'dhTAI, ACCFLEfl,tTIf)N_ IlK

Figure 9-28, Flight Load Factors Ite,aultJ.g From Engine Thrust
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\
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'
................... L

2 3 5 6 7 8 9 10

}'OI_WARD I,ONGII UE NAL ACCFLEBATION, _¢£ l,_-1-93

Figure 9-29. Limit of Forward Acceleration Versus Eng_,ne Gimbal Angle

a. Equafions for applied leads at the pumps
due to tim inlet ducts:

(1) Oxidizer duct.

(Pyd) L = (62. PL "_'6KL÷250')" .366 c_f K L
(_.i)

PZd * Y( ) L "- --_ ) L
114.6 (I:yd

(1.2)

Y

(Mx d) L =" (Pz d) L (3.18- .0688(_f)- K OL "T (i,3)

(:hange, No. 9 - 9 June 1970 9-37



Section IX

(2) Fuel duct.

L~ = 3.5 - . 126CJlr

R-382G-l

(2. 1)

(2.2)

(Py ) F = (62. P ±. 6KF ,250.) + • 366Cilr KFd F

(I' ) F .".::. - iJ'ita (I'. )
1.

2 .K }'
zd .. )d F (1-4--) e.- 'L;-1.

1

(Mx ) F
yL2 1'2 1.2= -57,"3 (I'Y ) F }' (1(.75 - 41'-) - K

t!F' ' --)d 1'1ci 1

NOTE

The plus and minus Cd quanlities in equations (1. 1) lUld (2.3)
rurnJsh a load range that accounts for the loads from instal
lation dellectlons (±. 6K) anu friction lo~ds from the bipod
joints (i250. ) during deflection of the duct.

b. Equations for resultant loads "-t the gimbal center:

(2. 3)

(2.4)

(2,5)

(P) G = (l.. L. F.) [(1' )L + (1' ) F] "in (I
zd zd

= (I.. L. 1".) rl(p ), + (I' Y ) F'j
Yd ' d.

(3. 1)

(3.2)

(3.3)

= (1..1.. F.) 121.0,
[
(1'Y ) I, - (1'Y ) F] +

d d

[
8.5 (1' ) I. + 4.1 (1' ) F + (J',l ) I. + (M. ) F-'jCOH 6(1

zd zd J(d xd ..
(3. 4)

= ~l. 0 (I,. I,. F.) [(I' )F' - (1' ) I] Ain (J (3.5)
zd \1 .

= .. (L,'"F.)[·8.5(P ), +4.1(P )!.• +(M. )I+(M, )L'l (J (061
zd ' zd ''.1' "u C Sill .>. '.

9- 38 Chllllgc No. 0 - 9 ,June 1970



R-3825-1 Section IX

._--------._-----

K (lb/ln) The axial sprlng- rate of the
duct.

t. (In.) The 'lxJal displacement of lhe
cenlerline of the duct.

(in- lb/deg) The bending spring
rate of the dnct.

(1) Oxidizer Duct "'L :.366 a
f

(In.) The half length of thc center
Hne of the bellows on the [Jump side
of the fuel duct.

(2) Foe l Duct

(in.) The length of the centerline
of '.he fnel duct between the centers
of diP pump side and stage side
bellows.

The engine [(Imbal angles H' (bgrees.
a is a positive r(Jtatlon Hbollt the
alis fixed from canting on the vehi-
cle side of the gimbalaf : Ct •

Xv

a I is a positive rotation about the
mUs that c'!nts (moves) with respect
to the vehicle side of the gimbal
am :Oz'

p

M

p

(In.) The maximum axial displace
ment of the centerline dur.(, (Sec
flr,ure 9- 33. )

(lb) An applied force.

(lb) The appllcd forc~ nocessary to
deflect the lJnpressurized duct a
"'1 distance. (Sec fl~u£e 9- 33.)

(in-Ib) An llpplled Moment.

(ps!g) The pressure in the duct.

The angle relating the duct pump
end coordinate system with the en ..
gino coordinate system in uegrocs.

The angle between tho engine y ,l,xis
in the neutral posibon and the en
gine y axis in the deflected position
(cant angle) in degrees

L refers to the oxidizer pump inlet line.

1'he engi'~ coordinate syslem.

The limit load factor used in calcu··
latinR \he du('t limit loads, L. J,. F'.
: 1. 2,

F refill'S to th', fuel pump inlet line.

G refers to t1'" gimbal center.

L. 1. •• F.

X, y, :z;

Xd, Yo' zd The duct coordinatfJ system.

NOTE: The point at whl ch the loads arc acllng
Is deflncd by the foJ1.owing subscripts wh,'r,,:

o ~ 360
l( -r> ln,. )

- - rn 0 .-:,tan .
'~f

o ~ tan

y

l"lgure 0-30. Deflnitlon of Terminology

Chllllge No.9 - »June 1970 9.39



Sectlon IX
Paragraph" 9.. 54 t'l D-GO

H-3825-1.

9- 54. INLET DUCT SPlUNG RATES. The tnll,t
ducts have nonlinear spring rates. A plot of
deflection versus load for a complete cycle of
the ducts, from maximum compression to ma.;<i
mum extension, reveals n hysteresis-type rela
tionship. 'I'hls is due to a yielding of the bel10ws
convolutions after ~ certain load magnitude and
a resulting increased stratn rate for a constant
loading rate. Thus, the loads from the inlet
ducts arc a function of the preceding deflectior.~

of tha respective ducts.

9- 55. The inlet duct bel10ws are wn&tructed
fl'om two different materials: L600 (Haynes 25)
and heat-treated IIlCO '/18. Engllles not incorpo
rating MTJ130 change may have either rluet;
engines incorporating MD136 cllange have beI·
l<)w~ msd" from h""t-trollied Inco 718 an(l are
required to meet more stringent spring- rate
requir<~mentf!.

9-56. The duels with 1,605 b~llows hav£! a
hysteresis (load deflection) "nvelope similar to
that Shown in figure 9-31. The curve of figul'C
9-31 was establlsh~d from axial dellection-
tests perfol'rlled Oil the individual bl)l1ows and
i:J m,,:press£Jd as a function of the dimensionless
ratios 6/1:-.1 and pip!. The vnlue of Lll and
the range of values fOl' PI are f,iven for each
duet In fir:llre 0-32. This ~nvelope is appllcable
fo\' th" dlrcet delleclions resulting fro"1 a
maximum glmballng pattern of th£! engir.e. '1'1",
linear slope OIl the graph of figure 9-31 Is usable
UP throur.;h a j:(imbal nngln ('Af or five 'J('t!.l't'PB
since tho majority of the nonlinearity occurs at
angles r;reat£!r than fivr, degre£!s.

g.. 57. The Inco '118 bellows have" narrow
hysteresis eUI'V£! (little ehsnge in slope); thl'
SPI illg rate of d"etg with thet." bellows (figure
9- 32) C'UI the rdore be approxim:\t"d with a
linear spring rate. The load Gontrlbutwn of
til<! bollows bending dnf)ectio!1S is only a small
part of the overall loads at the gimbai center.
therefore, only linear-bendillg spring rates for
all duct5 are furnished in figure 9- 33,

9-56. SAMPIJ, PHOIlLJ<:M. The INJ'dn:um
rangu of inl(>l dllcl londll at tIle ~-;jnJhal centel',
for n parUctllr~r nwge uf duct prefJHUreS, ",Vi 11
bp ea1culated 'Co df~rnonBtral'~ tht> Ul::IB of ~flG

equations.

9-40 Change No.9 .. 9 .lalle 19'10

9-59. The loads are presented in figures 9-33
and 9-34 ?S fl function of the enb'ine gimbal.
angles. These loads were calculated usin?; a
computer program to solve the equations. The
constant input data, which is printed ai the top
of figures 9- 33 and 9- 34, Includes the maxi mum
axial spring rates and bending spring from fig
ure 9.. 32 for a duct with an Inco 718 bellows.
The pressure ranl';e seltlcted was arbitrary.
The two ldt-hand columns of the printout specify
the gimhal angles for Which the loads were calcu
lated. TI1'2Y lIl'e specified twice for a ~Iven

position in order to calculate thc loads for the
full rangH of duct pressur"'l. The duct pres
SITes used for each casu arc prcslmtcd in
columns 5 and 6.

9- 60. The moments MXG and MZG ll1ust be
overcome dil'edly by the aeluators. MYG' dun
to the tWi,t, c(,nlrlbutes two additional momenlf"
Mxy and 1Ilzy, ahout the X and Z axes, respec
tively. 'f1wy are a funcllon of the geometry of
lhe gimbal b('flring and the coefficient of friction
/lbetween Its moving parts. Refer to figure 9·10
for gimbal positions. The momont equations
arc:

Thp influence of the challho ill the hl(l.)(inllllll duel
spring rates, between engi'les J - :102 5 and J .. 2055,
on the maximtlJr. actuaf.or JOi?ds can be demon
strated by the followillB approximate analysis:

NOT);;

Thn inflllcncn on the MYG on the actu
ator loans is small snd will be neg..
Icc ted.

llct F':,: maximum actuato,.··load m~\gnitudo

based upon thr nominal distance to
tho "ctua: ~r attach point.

The maximum aC.uato!' llH1ds, Ilsedln this (or
milIa and the loads calculated in th" sample
prohlem, O\re I'res8n'.~d In figllre 9-35.
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SeOJon 1X R-3825..1

IJaragraphs 9-61 to 9-67

1. Inlet ducts with
L(}05 bellows

(figure 9-31)

BNGINE8 J~2025 TIIIIOUGII J-2054
Oxidizer Duct

t_ I (ill) _ 3. 75

3' 1 (lb)

2, Inlet ducts with
Ineo 718 beHc, ws

Axial sprhlg rate,
K (lb/in)

3. Bending spring 149

rate. K 0

(in-lb)

deg.

Fuel Duct Oxidizer Duct Ftjo_ .1.22E_t"

3.75

i,610 to 925 I,690 to 9,_0 ---

250 to 4,35 320 ic 480 200 to 270 270 Io 2!)0

275 92 134

I'hb'ure 9-32. Inlet Duct Spring-Rate Parameters

9-61. I1YDRAULIC SYs'rEM _NSTA),LA'rlON.

9-62. ACCESSORY DRIVE PAl). An accessory

drive pad is located on the turbine exbaus_ mani-
fold of the, oxidizer turlJepump. The accessory
is to be connected d]rectly to the tarbiae shaft
by means of a Rovketdym>.pro¢Ided quill. The
q,fill re(tuirc_-; a [cmslc splint on the accessory.
No bearings or s-al_ are supplied for the acces-
sorypad. Refer _n ttockctdyne blueprint 106475
(customer connect interface) far interface di-

mensionM requirements. See fJgure 9-30 for
s,p] me data.

g-63. A c,olnponenl, m:,lalted on Hie accessory
drive pad will lw subjected to a _ide variance
of temperahu'e Slid pressure since tile turbine
nl:)llifOld _aV expm'i,'nee a temperature range
fr_,m -200 _ to _900 ° F. Internal turbine ,nani-

fold 1}reassure, consisting of hydrogen-rich
:_tcam, will range frolll alnbient to a illaxil_lunl

of 56 psia.

9-64. The relational ,,;pe¢,d of the accessory
driw • pad is 7, OOO tn 9, O00 rpm doring main-

stage with the rotation clocRwir, e viewing the
engine drive pad. The engine is (lelivere,! with
the al:ct, ssory pad blanked off aud the quill shaft
paekaged separately.

9_GL lfbydrauliepower ];; seh;ctcd, it isas-
sumod teat peak Ioad_ iu the hydraulic system
will be absolhcd by a properly sized vehicle
8ystr'lll accumulator. The estimated oxidizer

pump ,',peed build,_p during the enghm st.u't

transient is presentedia section VIII. The for

lowing limits of d_iw, pad capabibties mus_ be
observed:

a, Mttximum weight, 25 potmd_q,

I1, MaXllllUnl overhung moment, 125 in-It).

c, Maximunl starting torque, 700 in-ib,

d. MaxilllUlll crmtir_ICUS rtlanillg tel'title _

225 in- lb.

e, Maximum shear design point: The shaft
of the accessory mounted o_ the pad must hawJ
a shear design point not to exceed 1,600 in-lb.

f. Allowable eccentricity: 'Ibe allowable
eccentricity ta,'tween the hydi',l'dlJc Immp center-

line and the ccntcrlinc of tile mounting pad is
0. 015 inch,

g, Msxinmm anguD.c misalinement: The
lnaxilntllfl aniro]'u" tnisaliselllent botwpcll the

hydraulic p.mp shaft crmterline and the hydrau-
lic ),ump mounV._g lwd face i_ 26 minutes.

9-_J6, QUIIA,SIIAFT. The length oflhequill
shaft 8,!4 lie( with the engine is 10. 045 inches,

9-_)'I. IIYDflAULIC BteACK[',T I,OADS. The

hydraulic line support bracket has an allowable
limit load capability of 100 pounds axial load

and a 10O in-lb moment acting In any direction
sieml taneously.

9-,12 Change No. ,9 - 9 June 1970
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.4_X_[. SP,R.h"qG RATE

BENDEqG _RiJG .-RA,_

'qTT

af

ALVA(F)

(DEO>

0. 001
0. 001

1O. _00

iO.730

5, _,00

5. _00
O. 000

0. 000

-5. 300
-5,300

-!0,700

-10. 700

-5, 30O

- 5. 300
0.0O0
O.000

5 300

5. 300
-7. 500
-7. 500

- 5.000

- 5. 000

-2. 500
-2. 506

LOX EUCT LH2 DUCT

KL 435.0 LBIK%7 r'.._ _uu. 0 L_-/ZN

KTHETA 149 0 LN-_._/DE<, KT_EETA 275. O Kq-LB 'DEG

J- ,M_X; 35.0 PSIP(MAX) .=-_-0 _SI

P(MEq) 42.0 PSf P(MD0 33.0 PSI

BIPOD FRICTION LOAD F(D) 250. O L3
LINIIT LOAD FACTOR LLF i.2

N 12,

a 9 Y
]33

ALFA(M) THETA GA_E_I A P_L_ P(F) (PX_G (PY)G '_Z)G (,,_,_,G _- z) _
_L_ {LB) (LB) :'[IN-LB) _...... (D,- _){DEG) (DEG) (DEG) (P51) (PSI) ' _ " _- _) ......

O. CO1 -45.000 0.001 _9. 33. O. 6068. -0. 51424. -i. -1.
0,001 -45.00J 0.001 _2. _. O. 5980 -_ -_0194. !3.

_. -'_ _ ._4. O. -0.O.O00 -0.90C 10.700 49. _ 0. 6230. -_oJ. -'_S"

0,000 -0.000 I0,700 42, 38. O. 6_6 -08_, -!l,vT:. O. -0.

5.300 -44.877 7.435 49. 33. 236. o,,o.'_ -237. 3z_._ -ZeO_.'r'_ -_I_ .
5.300 -44.877 7.495 42. 38. 299. 8089. -300. -56130. 3368. -3204.

'_v.700 -90.000 I0.700 49. 33. 403. 6008. -0, 51433. -3242. -6902.
10.700 -90.000 10,700 42. 33. 527. 5964. -0. -20185. 1210. -6478.

5.300 -185,123 7,495 49, 33. 182. 5964. 163. 9_673. -$318. -34_7,
- " - o_ _,803. -217!. o,,5.300 -13_.t23 7.495 42, 3_. 222. aSzu. 223. _" -,,_6.

O. O00 180,000 !0.700 49. 33. -c. o8_7, 250. 1_901,. O. O.
0.900 180.000 10.700 42. 38, -0. _7o. 370. 768.,. O.

Oa±8.-5,300 135.123 7.495 49, 33. -_,._'-_ _,.._o._ _63_, 89873, "_" 3497.

-5.300 135.123 - .a _2. _ -_2.,._5 cS. _" 5880. 223. 27803. 2i71. _245.
' " (902.-10.700 90.000 13.700 49. 33. --,0z. 6068. -0. 51433. 8242.

-!0.760 90.000 1 .... 0 __. 38. -527, c984. -_. -20_0o, __ . 6478.

-L300 44.877 7,495 49. _3. -_,,8, 8!:_. -237. 3320. _"_q
-= 300 4,1. _ 7.495 42. " _ n -88_36 _ ......8_, zS. -299, 6089. -oO_. , . -_60. _zO=.

0,000 180.000 7.500 43. 33. -0, 5920. 208. 119755. O. O.
0.060 180.000 7.300 42. 38. -3. o_o.'_ 292. a775_=._. 0. O.
0.000 180.000 5.000 49. 55. -0. 5970. 155• 96929. 2. 0.

0,000 180.000 5._00 _2. 38, -0. 5885 212. 25077. O. O,
O.O00 ,8C. vO0 2.500 a9 33. -O. 5u_. 86. 74160.

0.000 1S9.00Q 2.500 42 38. -O. 5935. 114. _4_. O.

POS

1

1

2

I

3 ¢:
3
4 _--
4

5
5
6

7
7

8

9
9

iO
!0
!!
I£
i2

12 ,_"

C

F,_.._e _ z3, inlet Duct Loads a_ the Gi.nbal "_",'*,_ " '-" _ "a' Printout) _ "
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T,_ • _'7 _%" 7

ALFA('F)
(DZG)

O. 001
0. 001

IO, "/00
!O. TO0

5. 300
_.300
O.000

0. 000
-5. 300

-5..300
-10.700

-!0.700

-5. 300
-5. 300

O.000

O. 000

5. 300
5. 300

-7. 500
-7. 500
-5. 000
-5. 000

-2,500

-2. 500

LOX DUCT L_I.2"qV'"'__u_

KL 2 7C. O LB"_'_ K_ 3_3.0 LB/D<

XI_7_ETA 92.0 D,T-LB/DEG KTFE __A !34.0 LN-LD/'DEG

_:'" " 49, 0• ,,,.:L&:] PSI P(MAX) _$. 0 PSI

P',_ -_W "-:._ PSI P(MIN) 33.0 PSI

_. _.,_ F_tlCTION LO._ _D,. 250.0 L:3
LIb:tITLOZ-__ F--IC%OR LLF i.2

,r $ Y N 12.

.... tP--,,-: '_ ""_ t°Z;O (;'_wO " "_'_AL,'_(M) %_IETA r'X'_'_''-_......._-..... --'_) PLF) , v_c. /--_/, _ ,- , (&LX)G .... (_,xz_.: POS
(u._,_, tD_ "'_ (DEG 1 cp", (_.___

" "_ " ,'-5_3 -C r, 1O. 00i -45. 000 C:.gO1 49. 33 0 o0_ -. - :. _.... -.'.
" " O. $,_,P - i _'.,_q -0.O. 00; -40.0C,, 0.00! 42. 38. - .. -._._ 0, 1

0- UU0 -0.00O -'0. ,00 49. ..'_.}- O. _b._ -,_..._•_-_'_J2. O. . 2
3,000 -0. 000 I0. 700 _2. 38. 0, 6_2, --,,':"i. -8_'..,o,.-N _._ -'-.._ 2
"_ """ -44. 877 7. 495 49. 33, 32 _' '_" ...... ,_4 ,^,,. ,,Uu - _ J-.. - _.22. ,.2¢. ¢':.. -3_. "_. -'
.3._u0 -44. 877 7. 495 42. 33. 383. 831,3. -_0 . -_0_. 4_6_. -,,_,,. ,,

I0. 700 -90. 000 I0. 700 49. 33. 560. 6014, -0. 47573. -4': _S. -4TT3. 4

i0. 700 -90,000 !0. 700 42. 38. 684. 803:3. -£. -!833"3. _'.v=_."_" _ 4433. -_'
5. 300 -135. 123 7. 495 49. 33. 234. 5735. "285, $2175. -43-",7. -2325. 5

*" " -I,_,,. 5F.. 300 -135. 123 7. 495 42, 38. 294. 5.59, 2'.:_. _308" "'_ ""_

0.0OO !30,000 I0. 700 49, 33. -0. 5450. 38.1. l IY440. 0. 0. G
0. vO0 180. 000 10, 7vv 42. 38. -0. 5475 x _ S"",*' ; 0. 0. #

-5. 300 135. 123 7, 495 49. 33. -2_. 5735. z.,,,"q_, g2_5, _-_ . 2.",.25. 7
-5. 300 !35. t23 7. 495 42. 3_. -294. 5759. %,5 18080. 15C. 2! t7. 7

-i0. 700 90. 000 1O. __u 49. 33. -560. 6014, -_,, 47578. -,458. 4778. 8
-.'_ O 2,-i0,700 90. 000 _0. , 9_ 42, 38, -684. 6038. -1_330, -,iU '<3, 8

_. "" -32!. 24_.7.-,,. 3,, _ 44. 877 7. 495 49. 33. 6294, -322. 12857. 88.

-o. 3vO 44. 877 7. 495 42. 38. -383. 63!8. -385. -50923. -41_-. _,.,,. -. 9
0, 00O 180. 000 7. 500 49, 33. -0. 5619. 306. 96528. 0. 0. !0

• _" 391.0.O00 180. 000 7 500 .,_. 38. -0. 5643. 32304. 0. 5. I0

0,000 180. 000 5. O00 49. 33, -0. 5751. 223. 80213. O. O. .il
"'_" 0. O.O. 000 180. 000 5. 000 42, 38. -0, 5775. 280. z6_. _. 11

0. 000 180, 000 2.50G 49. 33. -0. 5883. !21, 63991. 9. 0. 12
O. 000 180. 000 2. 500 42. 38. -0. 5907. 150. -94 -0. 0. 12

O

O

!

Figure 9-34. L%let Duct L,gads mt the C!mbat Cen_er (Typical Printout) (Engines J-2055 and Subsequent)
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Jo'Jf~l)1 I Ij :Hi, M t \lwlIm Adl1,llol' Loads
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AIllOUlll 11UII1 ArtlfHtnt

Cl:,cuhl r Toolh ThJt'kn('~ffl

(afler pla(jll~). 1I,e1,elo

16

20/aO

30

O. IWOO

II. linH2

0.1163, Mill.
O.1I6'!, Max.

0.1)1,15, Min.
U.6'1L, Max.

0,7?'1, Max.

0.010, MIll.

O. UHO 1, Mill.
0.0710, MI'x,

Ml'aHUl'1Ur, Pill J)lHllll,lel,
11H.:hcs

DillH'llfHon Ove1' ? PinH
(1lItol'plalll1g), illeh"s

(),It 01 !lllundn(l,'ih: Plt(~ll

JHlllnrlol', inchPn

Tool h to, 1'(/oth }:;pactn:~
}': J'rf II', lnCh('.!3

A(,cdmlllatl'd Pitch KI'I'(lt'J

III illadjllst lIJIt .. , IlldH"..,

0. UUGOO
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O. U3o:J, M.IX.

U, UOll, M.IX.

0,11011 3, Max,

0.00111, Max,
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S!';C'f'ION X

ELECTHlCAL SYSn:M IN'l'fmFACE DATA

TAIlU; OF COCiTl,NTS

3£lCLlOll X
C0I111\Ht~

l'aral',raplw 10-1 10 10-4

10-2 Eleclrienl Sy,"tl'Il' 11l('r!'Il'"
Oala ., , , , .... , , .. '

10- 5 Electrical COlltml A",,",I,ly
Sari'!)' Pl'('eaulluns , .... "

10-7 Ell'clrie:d COlllrol AssellilJly
l"ll'I'l'h:,"!!."ahilily Dala . , .

11I- I

1()- 2

lll- 2A

10 tI HPill k Il-(:llltlfJIl Syrtf!1I1 , ,
lO-l:i POW{'I' Ht'qUll't'm( ntl-.. , .

llJ .. 17 1',,(,pl'11ant Util,zalio" Sy',IClll
1')- 20 j>l'opellant Utili:t.at 101. CIl/lll'ol

SYSllJlll CtH\lal'tI'l'lstlf~S • , ••

10 ~.'\

10· 7

III U

IO .. U

111 M 1. SCO}>j·;, '1'1 i~ ~,l'( tlrm (,tlllt;"dn:i inflJ/1l1:t··

lion ('o/lCt'luiug (Ill' ('I1!',ilH' l'le('lJ'kt'l illll~f'fael'

:')yf,lt~11l awi til() IJ10polh~lIt \Iiill~ldlOl\ Hyr-:tpill.

10 2. J:U:CTltICAL SYS'I'j';M INn·"ltFACE.DA.'I',\, ,..---,-..-....---- - .----. ---, ~. -

to· a. A 1i(ljlHI'atf' ('fJlUIPdol' 1; pl'(IVldl't! to al·
loW (:(JIJi!)llIlI.'lll tf'hlllq~ alld nhdlit(ll'lll~ of llw

('/lI',II:l1 1~('lll t'ob; ft'Cld OHt';, Till' l'UI1U(\{'\(ll' at·
l(Jw~J Pl('~;\ljJ (If l-,It\lI:ds foJ' Ill· llight 11lOllll()1'1I11~

of C)'itiC:llc:onll'ol rtlllc:ti(JIl~ and hYp:Uib eapa~

1JiHtie~J fnt stllllLlatctl ~t:q'I(~II(~(' leHlirll~. '1'0
'pL'rVl,~l1t illadvt'lh'lll S{'CjllCll('illr{, a COIIII'0/H'1l1

h'f,l lock... oul is )Jl'ovltlt'd. Tins allows ('ulorr
lo br CJ1l'l'v,i'l.crl from GUI'; whc:n illLlividlial eonl'
l)OII(:lIj lC'!ll'-i al'e IIIHdc'. r':('pat'ale teHt /JIJillls
allow f!ll<' l'l',izal ion (If til" ('{JlltnJJ SOll'/loid'i (1'I)I1J

OSJ·;. Be{'l\uso 1110 Sl'{jUl'IlI"('J' \~, dl'l;jgll('d to

providc' 111:txi1llUlll vultage to till' srJ!('llrddt't
tlicn' :lJ'{l Jlf) prOll'r:llV( diodv:-) ill sUl'ie'.; wIth

the recd rl'fllU lilt· ~H'q\lelJ('l~l' 10 111(\ ~,rJllnlf)l(ls,

Tht'l'{'fore, il 11-i jllipet';'ltiv(' lila! lhtl \"OJl~lt',I~

1I'~ed lo oIlHJ'gn~e the [wlollolds trunl nSf<: be
('{!ual tQ or }UHB than tho ('llgilH' cOlltrol v(Jllal~c,

10 prevent illi~l)l'l'm:t current (cH'd inlo till;!
"onlroU"I'. '1'hls "rHorlon should be mel Ly
using l!l(> <:oulponcnl tost power conneclloll :l8
a volla(~e Aourcc for cnergi7,i11{~ solcnoidH.
Hofer lo flgore 10-1 for typical component lest
power connections,

10·,1. HYIJa~.') pl'(}~'ihl(jllb an' lllf'1!1dl·d;11 tllf;
c:ont I'o! ~Yf.l(~J1l tfJ allow (.'IlI~iJl(' ::<'{[W1IH'(' l('~;tll1\~.

Bypa!-l::-l ('<LpuIJllittf's (','{1St (UI' til{' fOlhlwlng ~,l!~

lIah.: 1l1:llllf:;tal~(' OK pICS~JIII'{' S\I/jkhes, q~ll;tllll1

d/~te('tc'd VO IJ0 US-I'r! only ()1I ('lIg\n/,~j nol irICllt'HJ"

rOlllnl; ~IJ'33fl ('hall~l'), {IU-I lnJI'eliflll It'111Iwl'a'llll't'
OK OIH' f'rll;irWfl Ilot ill(,Ol'pol.. llilll'. 1\1UI(iO or
MJ)21)i1 l:It.llq~(!, or ('llI',llIt!S ('{julJlp"d WIlli' /'lc'etJ'i
c:al ,",I)"II',d as'H',uhl, (ECA) (,V?I,'/[)- J I. -I J I,
or ·21 I J, :'Ild lliaili~ fal'," ('ilahl{' (11I\ {'IWIlH'S ill"
corporal illl~ MD~~()'I ('llillll~(' or ('quipped Wltll ail
l';CA III tlJp ;>u2li'(li Hf)l'lt'~' with a d.. ~i1 Jlllllll)('l'

,-,III<'!' lhall • 11, -111, alld .. 211). ['O!' f1i",hl,
till.' luel LIl,l,·(:lwrl [('JlJpl.'l'alllJ'l' c1l'l.'llItl'Y hah
I""'ll 1'('1'1""",1 hy a Sl"l(e .. r;"l'pllt·d li'I<"!' (~IVIl)
oj' Ef":A-cfmtl'olll'<! Jljaill~;ta~~(! f'llahle .... inn:d (~JI)

to contl"(ll (uf'l 10ud j(J fhl~ t~ll~~llll). 'I'll., (()Iiowtlll~

l:utofr ein'uitf, at'(! ~lJn(:Ijl1ed in (11(' :Je[{\I!'IH'{~

('(,p,tl'oll('l', to l)\IJl/~{~1 UH' ('lIgIIlP clllrllll'. htal'l.

a. I:',nilHJIl ddl'r:lor: 011 f'flgilWH no( illc:(H'!lO
ral'n~~ J\.11):3:~B ehalll',(!, il',llit iOI\ in till' alll~llleJlkd

spark Igniter (Al;l) "halll!"'l' IS "lOllil"reri by a
llL~:lhl(', wJl'c-llJlk dcteelor 1>1'olJt' illl:iertod
lIll conGh the ASI ,,"ll lnlo the AS! ('olllbo';llOn
~·'.()nc. I!~l1ginl' eutoff will occur if an i~~llili(Jl1~

cOll1pl(·tc f)i~~nal JS not rcc(Jived pl'ior to cxpira·~

lion of the ir:nltion-phase lImer, Engllws
requiring reslarl 1Il flighl will ho equlppod with
a (1ummy ignitioll deteclor pl'ohe (MIJ33B cnnn~e),

which will allow enldne reslar'l by pro,iucin!( an
ir:nitioll-C(lmplotl! signal al all limo .. ,

Change No. B - 7 May HJ'70 10-1



Section X
Paragraphs [0-5 tl) 10-0

CO'\Il(J:a :-.T
r'" L I'U~/I It

11- 3825-1

-<Y"'"'"0- - - -- - 1
C()Mi'l);,~ 1>1' I
IHI :-:.WJrCH

____. --1

('0', [[(ell ~

L
liOl.l.Mllll'
(l'YI',CAI I "

---~---------
,12, I VI

h. Mi\IIl~:l:t{',f' OK Ill..'(JSlllll'l' dWllelWH: Pl iJjlPI'

fllalnf:tHgu operaUoll J:, IIlOnllfll'(~d hy two III,llll-'

[,t:lI~n (JK pnwmu t' HwJkht's. rt'h(J:-';'~ 11l'UHhIU"}
fiwHdws IllU;,t pick lip hefol'p the d('cllPrglzalioll
of thn fjpal'k il4niUon :;1y.Yl('1ll ur enginl' eulllff
wlll lJe initiated, Pickup of f~Jlher !u'esilurr
::wll<:h will b)"ek inHlil(loll of "uloff. D'Il'inl:
nnl~iJH' 0IH'l'nlhHl, (lll{~iu(' cutoH will lw initialed
w!l'lIH'vor dropout of the Hwilt:hN.l ir~ mW!H.'d by
Ih~ll'I'jol'aUon (Jf {lxldi'l.(!l" inJLctor PI"('S~itlI'U.

Both HwltdH'H must drop oul fol' eulofl' lo 11('
Jnitiatpd. PJ'{'Ht>l:l'(! swll<'iwH (':tn hI: fUlldioll

t()~h·d and jmhvldllally 11IOllltul"(~d.

10· 5. f·;J,I';CTHICAI. CONTHO!, AS,mMllI.Y
SAFL':TY l'H1,GA U'I'IONiJ,

1(>-6. The eCA 1:: d":,il~""d lo pl'ovlun :In ex··
'I'Clncly high dogl'ec of 1'c1l:>blllly. lluril1~;

checkoul and operatlon, til(' loJioWinf, lJn-CllU
lionEl ,~hould b,- obsel'vod to '\Votd ,Iama"e to the
ECA:

a. The lwlanty of tll<> powe" supply to the
rWA must novel' bn nn'lH'sed. The ECA is uot
protected 101' rev')I':~(, polar.ity.

10-2 Change No.7 - 4 December 1069

I" N(jlllilllltl:d~t~\It {'(:Ill output (']I"Cl1IUj lllll';{

hI) IJrlltt~elpd frolll ovndoad.'l ClI' fllHJI·t {')l·{'uJl'.i,

Thin aJlpllU~j pUl'licl\llarly lu ('OlllH'('lol' Pf>I, PH1}-j
a, .f.!' i~, and Y, and conncd/H' P54, piBh Y and
i).

c. WtlPIl engl.)}!' eonll'{11 POW('l" hw-ws H1'('

fml'rg!;I,od and an i{~nHion,,~ulllplokHll~tlal 1S

u!>laincd, the 11~ntlJ()l\ c11:t('(~tiOIl HilllulatlOll
(('Iudt'ie-'ll C~OIlIl(~('tor J'G1, pill M) IHW:.t not hI'
(,IWI'I~bwd, ~linl;l) this would l'l'twll in a 1",'c!ulld:u;t
II~ni'ioll- ""nlp!('(' <iil:nal al Ill" j,CA II':nlli"n ..
dtll(,(:tioll r:irellltl'y :l'ld lllay (i;lnl,I{~(~ (lu' ECI\.

d, Exlrwllo cautiolL nlllt·l he \l,';cd wlH'n ll'OIIH

"1l'~hoot1l11~ flit' engine clcl:lrkal :Jystem with
puwer Jlp)lJit'd to lh,- gr;A, Accldcntal 1Il01l""'·

tary Ahtn'ts or g~'ol1nJH ean danHlgc lhe ECA,

c. During en[(lnc clwc)wut IIml t(,"t "l>lIIU
operllliun, tho electrical ';ystclIl Illllsl not rcmain
III the rnaillstage condltlon fol' !Olll( pe1"!odu oi
tlmc. The following condHions arc I'ccomnHilld"rl
fol' electl'ical systcm ,mdnHlage opol'ut!on:

(1) Th,- J';CA Jnh,rnJlJ. le"'pfJrJlturo, If
monitored, if) liJ1lH{~d to J10" }I1 maximum on
clIginos lIot Inellrporatlng MD?~3 "hanl:c 01' 1101



R.-3825-1 Sectios X

t

(

C

equipped with ECAs 502670-61, ..71,-BJ., -161,

-171, -lal, -251, or-271.

(2) Ifthe internal ECA temperature is not

monit_wed and fileelectric'd sy_,tem is lu the
maiustage condition for 10 minutes or more,

the system should be allowed to, cool fez' 30

minutes ilofc,re beisg reelu,rgized.

I, Coillimious apl)licaiioa of power to the ECA

f¢_rextendc.l periods of time should he art}ideal,
althougli the UssonIlilv 1,3 det,lgllmi hu' costimtotis

Ol)eralioll, }_le(,Rttso lilp.uy circuits are In ()per;i-
ll(hi lit all limes, oporatloa of the a,_seillbiy
with powl,r ini fi+ll days ;it a lime will eventually
del,,rach_ the reliability of the tin[t.

g. I_rt}u(w Larrelit ieailiug on corrals monitor

(,ircuttf; must I)c nhiiniithted. ])tic to oh'cull

tiesigli, ¢,ert_ihl S'Oliitor rlrcults supplied

tJlreugh (lit)dos .qiuy give fliuliy rl}corder opera-

lion if not sufllclelit]y loaded down. I)ue to

IrallsiHllJr leakage eurrenip these output diodes
may alipcar as iill(il rl}_istanPos if the circuit

hJitd reslstailce Is tot} high, and voltage de-el-
el)l)([ IIHly bD Sitfficleiltly ]l[[Y, tl to achlule sensitive

l, ccorilfrrs. This api)lhJfl to pollserfor P51j

pins a and'(, and Pnunector IJ54) phis l,], 7,
anti I-{. littler to l)ara[wtiilh 10-16.)

h. Siaff, c fir t0_i-fltand eircullry must lie

(l¢_sif,lt(:ll _;(_thai (,tiller' Ihe liiel hiJet'llfm tein-
pcrhlare iraesdurer sll;llal tie the Mag(,-supplied

tl,lallerliluro detector bypass fllgnal IS received

h, proper sequence to provide operathm (if the
spat k exciter circuitry within tim duty-cycle
lhnllnllens outitsed in paragrapll I0-10,

10-7. t,:IJ_CTIIIUAL CONTROL ASSEMBI.Y
INTEItCIIANGEABIIJTY DATA.

10 8. Au F,CA of tile 502070 part number series
can be replaced by an allowalH(,, alierna{o I,:CA

of the sasic part ntll'lli)er £lel'tos. Ill sonic
(ilstances [lie silbslltuiiee el cue J{,ICA for
auother will tlffect the electrical interface. To
be consistent wilil tim iuterfaee effects frt}ui aa

ECA substltutlt}n, changes must be made to

clleckout, ntatlc ltrlng, and lauueh preceduroso
latcrface effects are described in figure 10-2,
wl!tch lists the ECAs currently In ose and the
allowable alternates.

10-9. SPARK IGNITION SYSTEM.

10-10. Igldtton Is established in the GG and tim

thrust chamber by fhe redt}ndsnl hlgi_-tension

aparkignition system. The spark exciters
transform 28 vdc (nomisal) Into 27,000 a3,000
volts, which dl::charge across the spark plug
gap at a minimum rate of 40 sparks per second.
A maximunl spark rate is not ,':peeifledbecause
tile insxiniut}l value is not erllic2.l to esgtne

operation. Spark igniter cables ffigure ]0~IA)
irun_mlit the electrical Cllergy frfiol tile spark
exciters located in tim I,',CA to the sparg, phigs
in the thrust chait}tJer ALII assembly and the G(;.

The spark igniter c.tliles arc pressurized with
gag',onus nltrogeil to prevelil breatlttng of nmis-
tu/'e thlriflg n(lsuse aa(l storage eilvh'oilmC_lLtS

and to lnhtlilt the possibility tff illt(u'f, ul glow

dt_'chargo (ciJrlilla) durisg t}pcrationat iiigh

altitudes. The spark exclle, rs arede<dgned Ira,

•1 duty cycle of 10 secon(I,, on and 5 minutes ell,
,it 5 _,ceonds os and 3 mliiute, off. The off-

time luterval must lie _,ltserved Wiles pcrhn'ill-
lng asy seqtlellee of ellgtllo tests lit whieil tile
spark lgt}lters are energized, so as ISit ill
exceed the l'l,conlmellded duly cycle,

CAU TIOI'.

Cc)nlpt}aelti and so(ills _ % tests of tile
cnf{tuP must be st:heduit,d siri, fly In

a('eor,'lunce with the spark oxeiler

duty cycle above, l,:×ceedlnl,, the
operathll; tlnio (u' repeated (qioratluiu4
without the prescrltlml c!,lohfff t[Inl'
(:all ('flUS(' ([;ililUt->e to f.l)ark (,.,_l,ltiirs
aim reqult'o i+efllaceilt(.,sl o[ the ECA.

10-ll. Ground supervlsl(,n nf llpiirk exciter
redundancy is aceoulliltshcd I)y tile observation
of four sput'k nielqtt}r s',glgds. Tiles(: sil(nn]s
are 0 J2 vdc hwels wlih IIi- to 4-wilt pulse

superlnll)osed ou flit} de signal. The pu]fle
frequen('y IS hldlc,'litve of the rate ;It whh:h the

spark exciter Is supplying energy to the spark
plut;. A typical spark monitor signs I Is showt}

hi fll_n'e 10-.3. Ou osl_,lnos Incorperatirtv, MD3t'I0 |

o,r MIX381 chanl;c _ tim multiplex module ts tht,'?--'" |
I,,('Astq)'f_rhnpt}ses the redundant thner hlnctton ]

O1_ tile(J0 Of tti0 [o117 _park monRor output traces. II
(Se_ flgt}re 10-3A. ) Phe circuitry allows audible II
checkout of the spark exeiters tn pairs (one GG
exciter and one ASI exciter). The spark exciter

output interval between tndlvidual sparks Is 25
milliseconds or less. Daring engine static
testing, _ark Monltor/Overspeed Cutoff Pasel
01045 mt}nitors the interval between successive

sparks and requtres that the Interval be 25

mlllisecends or less throughoul the first half-
second before glvtng a spark OK indieatit}n.

Change No. 12 - 10 October 1972 10-2A/10-2B
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. SeetmnX R-3825-1

ECA
Part (a_

NutnbOl'" "

502670

(i02(170.11

502670-21

502670-31

Description of Chaslge

Adds sccolld ECA temp(,r-

it(Hoe GOIISOI'_ pl'OViS1Oll

for : udiblo sp;trlt, tgnit+,r

('Ollll), tllell[ if'st, and dual

nlOilitor c_i]),lbili{y fur l]l_t[tl-

,qtav.e OK l)ressurc s,,vltch(,s.

Ch:tngos start tallk dischar[_,( .

dekly frcml O. 64 to I _ec',oi_d.

I)eietcs circuit for prechtll

c(mtrol (main fuel iniecthm
control [elnl)c'rature} and J22

iUml)cr rucelAacle; deletes
,'d'irl {ttltk I)rosSHrt2 _witch
and sequence control wive
po.')iHon switch circuits.

Adds improved ignition
exciter output adapter "rod
spark exciter bonding.

Cunfigur;ttiotl Clmngo

Eagme E ffectivit

ECP MD Retrolit (a)

J2-255 187 J-2016andJ-2025

,]2-459

,i2-461

,12..469

205

204

19b

J - 2026, J - 202 fl, ,I- 20:10,

3-2035, ,1-2037, ,1..203ii,
,1--2040, ,)-20'tl, ,I-20t3
(h rottgh ,I- 20,15, ,I - 204 '/,
d-2049 ltlroul.,;It d-2051,

,I- 2053, ,I-2055, ,I..2057
through ,J-2059, alld
,T-2063 throui;h J-2065

J-2036- 1, ._-2039-1, and
J-2073

J-2037 (nlade from baltic
ECA)

J-2073 (also incorpo-

rates -21 change con-
(Jguraiion)

, i

Replac(,ment F,
Produ(:tmn Part Numb.

-11 or-lll (hI

3-2031

tllrnuy, I1
,I- 2062 -21, -5

OF -

-.61, -7"1, .8]
-161 -171, el

18l(0

.I-2066 -III m' -211

lb r*lul,rh
,)-20'l,l -21, -.51, -12:

-151, -22l, I_l
-251

-61., .71, -81.,

-161, -171, _"
-261, or-271

,I-2075 -1il, -121, -11

titroul,h -221, or-2bl
,l-2077

-61, -7l, -81,
-!ql, -171, -I

-261, or-2'11

Notle

-61, -161, or
-261

(_"_o'_-t--6ff'f_'_lvitles for higher F,CA dash numbers supersede retrofit effectivities for lower ECA dash number:;,

.._.. ECA 502670 (basic confl._uration) In deleted by creation of -1XX.-serles part numbers.

Figure 10.-2. Electrical Control Assembly Interchangcabiltty Data (Sheet 1 of 3)
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'--- -----------~-------....",-.._011

t- 1

I

1

Effects of Heplacelllenl

In('orpora~l!S 1. 000- sl"~\und hml'!' I ~\nd clillliualcr; the iolluw
inlj elcctncal inte: face fUlictio!l<; at eonncctor P51' (ThllS,
these sit~nals art' not ohzainalJJp un electrical rllCckoul
console. )

F\wl il1j(.1etloll lplllIH'ratUl'l' OK (pin d)
FU('l IIlJectlOn tCI1l})Ol'atlll'C simulatIOIl (pin S)
S,art t~\llk depl'c6surizrd (pin e)
fitart lank IH'('~urized (pin kJ .-
:';pare Illon,t"l' (pin N) "

Ch.1.n~es c0I111cclOl' Pf)l, [Ull X, from I"lwl IlljrctlOl\ T(\I1I
peralul'p OK BypaHB to M{~in~ta~e f:llahlc, and l'llqUit'I~H

nll;nul to cnabh} ill1tiatitJlI or Hta~'l tank. diflelHu'ge aftc!'
nxpil'utl('fl of start tank cll~dHlI'ge dolay timer

In('ol'pol'atl's I. GOO-S"COllc! I.Imcr; ellmllla!l)" fllnctiOlIA at
.'54 t pin!; e, d, k, N, and S; ehnngcH cOnlwclor P5l,
pin X, tn MaJ",i"lagl) Ellable; ami dnlet"s 110' F ECA
intl)rnlll temperatul'" llmltallnn, (Sec (·ffne!., nf -21 nn
basic ECA, )

·01, -'1-1, -Ul,
-101, .. 1'11,01'
-101,b)

Ie ----------T---- Allowable Allcrnate ECAs
'. ---:---------,._-- :..:....:;;...:..:=---,----

E EngilH' Effecllvlly Heplacelllent ECA

I~~(,l)~_PI~;;;;- pa'·t_N..U__".,ll,..'e,'_r_+ _

[

,/-2016 and ,1-2025 -17:: _111(b) Inco"l'oratr;s 1. OOO-second starl lank dis"llal'ge delay tilller,
Compalibi'.ity o~ th,s ellange with slal(e l11\wl be eva]uatpd;

.1-20:11 £.!rlj{lnC'l 111 ClLlslC'I''s !illlst have idl~llt}(:al lllllln!!, vahws.
lhrull~h

.1- 2002

- ~020, ,J. 20211, .1 - 2030,
.2035, ,!-20:l'I, ,J ·203H,
-2010, ,1-2041, ,/-201,1

h I'OUI<1l ./ .. 2015, ,J. 2017,
·20111 tllrougll ,1-2051,
-20~3, lJ-2U5!i, .J~~W5'/

111'()l;l~1l ,) .. 2059, and
.. 2003 lhr()lll~1l .1·· 2005

,/- ZOOO
Illrolll~1l

./- :lO'/'1

-11101'-211

-21, .!,], .. 121,
.. 1~)1, -221, 01'

.. ? r) I

-01, -71, -01·,
-161, -171, -tOl,
-201, or -271

No effeet oil cngillf> o!lpl'allOUal 1'1~<111inll1l()lIts,

}1;UmllluteH ('Ieclneal (uHeU(JliH al PG4, plnH c, el, k, N,
ami 8, a.nd Chall\!,(',I; ('onnvclol' P51, pill X, to M.tin~lt:q~(l

Ellahlo. (SU() efft'ct:; of -21 on haHic I~CA,)

Eliminates electrical fllll"t!O!l'; at Pf,4, pins c, d, k. N,
and S; "hauf-ps eonnector 1'51, pin X, to MalJisli,ge
Enahle; and dl'lctes 110" 1" ECII. internal temperature
Ihnltatlon, (~;(~e cff,)I:ts ol .. 21 on IXlsle IWII..)

-01, ·'11, -UI, D"ldes 110' F' ECA Jlltl'l'fJalll'll1!lcn,tlll'I! liI"lta!ion.
-lIi!, -I'll, -101,
-201, or -271

. 20:l0-1, .)-20311-1, and
- 20'/3

,I - ?07{i
t h l'(JtI,~h

,1 .. 2077

-61, .. 121, -151,
-221, 01' -251

No effcet on ell~~lllc opol'al111ual requll'Qlllonl:--i,

- ?-037 (walle fl'on, basi<:
CA)

None

-01, -161, or
-201

,,2073 (also incorpo
. tes - 21 ehanr;c eon
guratlon)

de retrofit dfectivities fur lower ECA dash nUlllIJCl's,
1xx- scrle~"'p=_~_!,umbers.

Deletes 110< F ECA Internal temperature limitation,

bility Data (Sheet 1 of 3)

--"-r-~" ~.-. _'_" - ~_ - -~-----



-----r--------------.-.--------------,-------.--
Cunfiguratlon Change'-'--[.:::.:-_----------\-E:CA

Part (a)
Number Descriptlon of Chanllc ECP I\ID

I- ...=:E"'ngine I<;fredivity

Retrofil(a) I'roductlon
Heplaeement BCA

Part Number

.; -2131 "81, -1'/1, -181,
throup;h 01' -271
.J .. 2139

Nono Norw

- 21J

-121, -151, -22J,
or .. 251

- J61 , - 171 , .. 1H1,
0" -271

502670-51 Adds improved ignition
exciter output adapter and
spark excittH' bonding.

502670-61 ~;lilllinalCS double-soldered
lerminals, and replaces
~t~rmallt1Jm tL'ansistorA;
deletes 110' F ECA intol'llal
telllperature lilllitatlon.

502670-71 Hequlres innpodion ol solde,
joints at 20X magnification.

502(j70-81 Hedonignn Wlrillg fOI' st,·,,",
1'C lief 011 eomponl'nt lead~,

502070-111 fncorl'oral"s illlllrov"d linwrH
ill .. 11 J'~CAs; incuI'j)ol'atns
OJlC- nccond dl :-:;ehaq~e de lay
Umer and impl'ovcd tlnwrB
In basic (502670) lWA, thus
de letillg hasi c cOllflgunltioll,

.12-469 195 J-2036-1 and
~--~

.1-2039-1

,12-546 243 .)·203', ~.nclJ-2073

.)2- 566 -213

.12·· 571 23U

.12- 570 29,1

.12-fI00 _~24 ,1-20:13, ,1-20:W·l,
.1 ·2030 lill'OUllh .1-2042,
.1- 2044 Ihl'oul~h .1 - 2067,
,J-2009 through .J-2071,
und ,J -2074

.1-2078
throul!,h
J-2121

.1-2122
th I'oul!,h
.1-21:10

-15101' -251

-61, -71, -Bl,
-161, -I'll, -181,
-261, or -271

-'11, -81, -161,
-171, -lBl, -261,
01' -271

,,0 'l. 0'/0·· 121 III ''')1'1'' lmle H 1mp 1'0 vl'tl ,r 2- 60f' a24 ,J - 20'/5 through .J- 2077 -UB, - 221, 01'

lImf)l'l; In IWA - 21. . ~.51

.161, -171, - 181,
- 261, or -271

502670-151 Incorporalen improved .12.. 00r, :124 ,J - 200B ..nd .1 - 20'/8 - 251
timel'8 in ECA ·51.

... ~~

lhl'ough .J-2121

,161, -I'll, -181,
- 26J., (11' -2'/1

5026'/0-101 Illl'ofilOraleH improved ,J2- BOC 324 .J-20:l'l, ,1-20'/3, :md - 1'11 , .181, ·201,
timers tn ECA - 6J.

-_.
J-2122 lhrout;h .1-2130 or -271

(n) RAlrofil cffectlvltitell for higher ECA dash nllmhers supersede retrofit I!l!ectivltles for lower ~;CA flash numbers.

------_._----------------_._-------------------_._-------,------,
Figure 10- 2. Electrical Control



R-3825- I Section X

Engine Effecttvlty

Retrofit (a)

J- 2036- 1 and
J- 2039- 1

J-2037 and J-2013

,,|-2033, .1-2038- I,
.I-2038 through J-2042,

.I-2044 throtlgh .I-2067,

J..2069 throu,',_h.)-287 i,

aml .1- 9074

,1_2(175 Ihrough J-2077

J-288fl and J-2078

! hrouff.h J .. 212 l

,J-20:17, J-2073, ;lnd
J-2122 through J-2130

Production

J-2078

through
J-2121

.1-2122

through
J-2130

,]-2131

tllr(mgh
3-2139

N()IIC

Replacement ECA
Part Number

-151 or -251

-61, -71, -61)

-101, -171, -]61,

-261, or-271

-71, -81, -161,

-171, -181, "261,
0t'-271

-B1, -171, -181,
or-271

Non(_,

-211

"121, "151, -221,
or -251

-161, -171, -181,
or -271

-151, -221, t,r
-251

-181, -171_ '-181D

-281, or-271

-251

.161, -171, -181,
-261) or-271

-171, -Jill, -281,
,)r -271

Allowable Alternate ECAs

Effects of Replacement

No effect on engine operational requiremerds.

Deletes 11(3° F ECA int_'rnaltemperature iirnitati_m.

No effect on (:ughle o])crati()lh'll re(tulrco|(}n|s.

No effect on ent;ine operational l't_quiz'(3nlcu[s.

N() 12|ft_ct on Oll[2,1ilo (Ji)(*J'atlollal l,(,qtlirc, ltlellts,

Elitninate_elcctrh'al functions at P54, l)in:_ c, d) k, N,
slid S; changes coon(:ctor 1)51, pin X, to Ma.in,qi'age
I,'.n:',hie. (See effects of -21 on basic ECA. )

Eliminateu eh_t:tri(;al i'nne, imnu at P54, pin,_.c, _.!, k, N,
;llffl S; €;harlg('s c()nllei:tor 1)51, pin X, to Main_;tage
I,',)lai)h;; and d,,l,:te:4 110" F ECA isteru'tl temp(,rutu,'c
|imitathm, (S_:,)('fft'('t,'_ I)f -21 on baltic ECA. )

No uffect ¢)n (:lit{in]. _ t)l)t}rati,)oal re(ltlir(!lfl(,,iJth.

Deletes II0 ° I,' I,:CA internal tca)per:dur(_ limitation.

No offecl ,m (:ngine operational r(,quirements.

l)eletc_ 110" F ECA internal tetnl)(}r;thlre limitatloo.

No elf. ::t ()n (;hi,fine Ol)eratlonal r(.quireuleat.u

.rsede retrofit effeetiville_ for lower ECA dash numbers.

Figure 10-2. Electrical Control Assembly Interchangeabillty Data (Sheet 2 of 3)

Change No. 7 - 4 December 11169 10-5
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n-3825-1

C'.--------
COllfi~l1rationChange

gngine r.;rtecll vlly
Replacelllent E

nett·olttW----- -;;:;;d"ctionEel; MD Part Numbc
--- .

.12- 606 324 J-2131 through J-2139 J-2140 -181 01' ·271-_.
(made Irom -71
configuratiuo)

.12·· 606 :121 .1-2145 and NUllo-- subsequent
I
jjfles

on ,J 2· (;33 349 J-2030-r, .1-2039-1, -221 or -251----
J-2046, J-2048,
,1-20'10, J-2054, J-2050,
J-2060, ,J-2062 through
J-2065, and ,J-2074 -181, .. ~Ol, OJ'

-271

on .J2- 633 349 .J-2075 through J-20'1'1 .. 251...._*
I -181, - 201, or

I I -271

on .12-0':J 349 ;1-207Bthrough .1 .. 2093 -181, -201, or
.. -

and .J-2005 U'rolli:h - 2'11
.1-2121

on .J2-0a:1 :149 ., .. 20:l'I, .1-207:1, and -181 01' -27X.---
.f-21?;! throuf~h J-2130

on J2- 633 349 ,)-2132 thruugh .1·2140 -181
~.. _.

340 ,J .. 2141 -llJl.._-~
(hrough
,J .. 2144

) rc", ,J2-708 300 .1 .. 2030-1 Ilnrl subscCJuent Nont'
rllle,,1

.~_.- .

lfl

d
ns.

lpona~ J2-708 381 .1-2030 .. 1 lind Rubsnquent Non.,
ncd

"--.

CA dlwh nUlub"l'S supc/'sede retrofit eHedivitlcll for lower ~;CA dash numbers.
alon~. wllh chan~(!s dellCI'lbed in Eel' 5'10 all'! ECl' 633.

- .._-- - ._.,-
. .---------

502670-221 Modl!i"s all' mh'r valve
ECA -121.

502670-211 Modllioa all' fiJI"" valvo
ECA -111,

SIJ2670-271 Muullies all' flJler valve
ECA .. 171.

502670-201 MOllifies all' flIlt,,' valve
ECA -1M.

502670-251 ModllleH all' flll"r valve
ECA -151.

502070 -181 Inoorjlonltes Improved
tllners (EGl' 606); alsu
provides &Ir,'s,; relief 0'

c:oll1ponclil leadB awl mOl
all' f111el' valve, (0)

502670-171 Incorporates imp,'ove':
timers,

--_._----

502070-381 Modllll!s ECA to Improv,
liabIlity by .,lIJJllnathll( c
single point Ca \lurc mod(
IIflf!oclated with timing H'I

Ignition detection functlo

5026'/0--581 &'1[. ~ as -381 excnpt con
parts arc addiliomlly~
Cor improved quality.

Section X

FIgure 10.. 2. F;loetrlcal Control Assembly Interchangeabllltj Data (l:ihcel 3 oC 3)
10-6 Change No. 12 - 18 OCtober 1972

--r;c:-[-'------.
Par'

Number(a) Description of Challf;e

(a) Retrofit eClecllvilleo for higher E
I (c) Change lneorporatnd In production



------------~---

:··3825-1

--_...__._---_.-------

~ ....::E:.::uf{infl !:::!.fectlVH~ .._ ..__-l n"placement ECA

.iJ) HetrofJt raJ Pl'uduction Part Number 1·;Uer.(s of Heplac(\)l1cnt
------.11-------

14 .1-2131 through .1-2139
(made from ··71
confif,uration)

.1-2140 -18101' -2'71 No eCfect on e['~ilw o!)(H'tHiOllUl l'equirenlP.uhL

14

9 ,1- 20:1O-1, ,1- 2039·· I,
.1-2046, .1-2048,
,J .. 2049, .1-2054, ,1-2056,
.J-2060, .1 -2062 thruugh
,1 .. 2065, and .1-2074

I) ,1-2075 through ,J-2077

.1-2145 and None
suuscqucnt

-221 01' -251

-181, -261,01'
-271

-251

-181, -261, or
- 2'/1

I~limJnates {ll(!ctl'~(:al functioltR at Pf14, phl'3 c, d, k, N,
and S; changen (~()nI1CCt(Jl' 1>51 l pin Xl to JVL1.t"nst.1Kc·
gnable, (8er, effecls of - 21 on basic rCA. )

Elllllinat<:s clcctrlcal functions al I"J4, pins c, d, k, N,
ilnd S; change:=; COlU1C'ctor .P51 1 pm X, to l\l:tlns(lil~fj

r';nablo~ and dnletoH 1Hf' 1.1 Il~CA intcrnal tewpllrai.tlrO
limitation, (H"" "rt"ds of -21 on !Jaslc I';CI\,)

DclcloH 110'J II' I';CA inlermd temperature.: limilatitJll.

) .I - 2078 through ,J - 2093
aud ,J - 209 5 IhrouKh
,1··2121

.1-2037, .1-20'/3, and
,1-2122 thl'OUKh ,1-2130

,1-2132 throul:h ,1-2140

,1-2036-1 and IlIl1Jsequcnt

.I-20:16-1 amI lluusequenl

.1-2141
lh,'ough
,1-2144

-181, -261, or
-271

.. . Jl or -271

-181

-181

NOllO

None

No cffl~'~t Oil pngllll\ oporatiunal l'('quil'pnH'nls .

Nu «:rfecl ()rl (JU(nne Ol)(\rational l'cqull'nlllunts.

Vorlf!eallon Jf (~orl'eet Umer n!JOl';It!on requll'cn
rceol'dlng ollhe fOlll' cpal'k !llonHor/timcr ll1l'ltlplo"
tllgnaln and Ihe ('nglno eutof( signal when pnglnc
electrical Hequonee tel:lts nro pt'l'formcd.

Verification of correcl timer oporatlon roqlllr()s
recording of thv foul' spark InOiIItOI'/tlmO!' multi
plex signals and the engine cutoff signl\l when
engine electrical sequenco tesls arl! pcrt'ol'n\('d.

,upersede retroflt effectlvltles for lower gCA dash numb/irs,
'l described In Eel> 570 anti ECP 633,

._-----
LOgel\billty Data (Sheot 3 of 3)
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SHdlfJJl X
Paragraphs 10·12 1010-15

------------_._---

HJll

" "

""
i'i
.1
o
,>

" 0

tJ (J - ,

1,0

I\IJ~.N Ill, n;m,tlWNH :H'AHK itA'] ,,:. COUNT ONLY
J'IlO\lIIU;NT I'O~ll'IVJo; ~1'IKt:~

Wlll;t~ nt:1 ~'nMINum DC 1.~:y. f:l., m:.:uu:{j \Hll NEO" I'IVt:
,'I 1'1 K".::1

VVI ld'HtJo:(,AHh Hf:rllln:O 1iI1'11[,},S IlU'Wf:f:rl J'Wl! I VF 9PU;nj~
P:r.~ 'fin.... All,' A ltt:'JUI:r OJ<' I-.Xcrnu CHAHOJ!'Hi Cl,(ClJIT,

.l2. 1·10-----------------,----------
Flgllrc 10· 3 Spark Monitor OulplIl (Typic"I)

10-12. Und,!l' certain C'l1gilH' !l! 11111 eO/iditiotHI,

qlH'rJehln~~ of thn fJp'l.l'k earl Ocelli', Gnu, telJl"
!JC'I'atllt't:, gas, rtlHI !In'l;Hllnl llaramel,~r.'l (I(!lel'-'
1Il11l1' WJwltH)I' (1U('Jlc;hjn,~ oj fhe Bpar"k Nill O('ellJ'
durJlll' (!nl~ino Hunt. (~uenchlrll~ can bn ('ausnd
by lurbirw "pin and!o,' [lrCS"Ul" hUlIlup <!urir'l:
l!'rtll'liion III the AS) lind 00. ,.ilp d,~ level and
the B(Ml'k plp~ change ('hi.t.ra('terl~;li(:s if qucnc:h··
illl~ orclu'S. ($('0 [ll{urn 10·3.)

10·13. POWJ.;)( HEQUIHEMfo:WI'S.

10· 11. S"parate !l0wnr ""!lPly d,'cuitR a,'"
pl'ovlded (01' l~ol1troll)oW('l' Ilntl ignltlon !JOWOl'
rf:qllll'(Hlltltt~ a'J follows:

a. Control power; 360 \It.lltH tllaximllln ('ort
tinUOU,l1 fOl' c]l;clri(:al eontl'oJ I \r C\l1t:; and
"ol('noid" durinl{ sLllrt and powo','ed fllght, 21 .. 31
vdc during enlJ1no start, lind 22.. 31 vdc after
1lIl1imJlll{lc operalJoll Is achiever!. (Sec fl,wre
10-4 lor pownr profile, )

h. T~~f'tltlon lJOWl'r: /JOO watt:i 11I:lXllJIU/ll 1'(I!l

tUIIWIW Irolll Blal't fJi~~nall(J hjJark dCl·Il('1'f~lzt.·dl

24-31 vdc, (1" englrwlJ \Jleoq,,"'atlll~ MDICO 0"
Mn~01 (',h:lfJW', lopadc ignitioll limy IlC' l'eqlifl'{'(1
for us lOllg 1W J2 H('COtldIJ, df'J)(HlcJlIl/-,: Ull .',(·Itilll:
or HlJI(i' lJllIer, (~ee fJI~\lr" 10-'1 for !'ow,'!'
profil", )

11).. 15, At lnilhll vollal{c appll('atioll, tllr- voll:li:"
may 1,0 3'~ vdc llIaxlmuru for a lwriod Ilot to
('.'(coed lin ~w(:()nr1~J. Till) tlr: !Wl'lt"'I'Jppln volL\!~p

Illust tint l'xeced 2. 1 voUr, when Illf'a~ll\l'('d by a
!H'alt-rcadinf' VHClllllll fuhp voltull'loJ.' In a Hl.:ri"H

wllh a 4. O-microfarad e;ll'a<'1hn', '1'111\ hJglwl' (II
the two vailiofl mC'H~.Ul'l d, whC'n lhe volt Illd(ll' in
kmeC'eHr;JlvC'ly eOlIlHH:ted for oach of tll(\ lwo
polUl'lUf'S, IIltwt be conSidered lhp rippl(! vult,.
age, Tho IIHI.xirnulH voltnf~(' l:r:anHienl lilll\t is a
50-vuH pUlJllIve jlulRl) with a llllle width of 10
mlcrosQconds sHld a relJeUtion l'ato of 20 pllh;e~

pcr 'lOCOI1(\.

Cilllnge No. ", - 4 Deccmbol' 1~1J~ 10-'1
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Section X
I'nl'agraphs IO-iG to 10-21

10·,10. TIH.' <JHt',IJl(' ('!ll( t I'leal bY1"tt~lll ]3 sLl]i'.
n1.lllrally J";!),l·PH'.ltC'll J11 fJ,~III'P 10·, [j, TJJr>
f.\lertdr·aL intel'fnc4~ ('onlll'clin]ls fl'(' Hhnwli III
figtln."s 10··(3 ;lnd ,0·,7. l\ COll1Jdl'If' Ilst ()f lll:~

tnt£~rfacr.' ('flJ111f'('li('rl'~ IIf l'I,JH'l~rl(l)'~' P~1 J p:)Il,
Hnd ]'JEl arfl (.'nnt~jIH}d hI Il~,l'l f',l; 10· fI, to- Pt

am) lfl~ 10: n(Jtc'~J and ;.lnr~l!H-' r,f['1'1 livily CUfie·S

fo!' PI(:S(' figures 'll't! C01ltqined lit (ll,~lI1'l.';l jJ)··II
;Ir,d 10,·J?, The l)l,rpo<.:e pf C')i"ltl('( tor P[)1 is tn
jll'llVide j)!'w('[' f,Jf Ow cleeirlcaJ f'ulllrol !.;~;~t()11l

:1;1:1 thr. t;.pH!'k, ignition "-;ysfelJ1! CtlllHllCll'd !li!il',~h

f{lr "'i1L~in(J eOlllu'J, ,PHI om~irle·v('lljel{ ... lIlterlocl
ft'ndh~IH;. Th(' Pill ;lOF,{' of ('(Jllnf~ehl P54 I'" t.o
pn)rid(~ Slglj'l!f; l't'eu,<;~ ,u~y h.l !' HWlll{onrl.!{ nnd
('!J{'(~kout fl'om thf.' r~l ()tllld m,p;mrt t'qujplll(ltll,
:1nd fJi~{n?lG tH.'f"e~,~r~IY for iii flight illt-l!rll/lJ{'fl
taijrJ'l. The jlllrpnr,f' nf ('r,nHf'('tnl' p"~n j~' In
Pl"J\ id"" sl~lInL-) n".:c€.s~:lrY In elm' ['I"] ape! 111('lnl·

lor thl' pro)lcllanl ulili,,,Uup (1'1J) v,d',e, 1('1,,
tion uf willinwlll mllliilul' lI~d;)llt ';(,]mEc til illPllt
·mlbH.~(' and t"!xternal 1,Jilr! [(>I"w.,(anrl! l!-> P,llOWll

III fF;U"" 10· 13.

HI· :lD, ,·)It)PELr,,'·NT \J l'ILIZATlONCQNTROL
SY;,TEM UII,llhCTLI([)TICR.

10·-~) j, I'j,'\ PU ,a1vI' ('ler.:t!'~Ci.l,l JJower reqttirC'~

Jnl!nt<-: ,111(: f'('Jllroi ...y~!tl'}l\l ch<ll'aclpJ'i:...:tiesal'~)H~)

[()lll,w',:

a. I:3"'-VUI'IO«'1' f".I'II pha~c (iJfV 13 sl~I;"): J08··
121 V;I,( fillS, 3tlq·,110 U7., 35 waUs lllaxiwumal
121 vnc rnu; :.md 301 Hz; !WWcl'.factor, 0,39 to
0, '10; maximum c'ul'1'unt l 0.600 cUl1perc rms

b. i~~l "(,111',101' fix~d phaw: (SIl ,gla/.:c): 108··
1~~1 v,le, l"IIlS) ~~94-410 H~f 35 watls JIlaXimUnl a
1! I v:'e nil;; ;,,,<1 391 liz; pllw"r faetor, 0.39 to
O. '7(1, 'nil' JIIt::l:XJrnUJ1l cur,I·f>nf. i~ O. (Jeo ampere
.i'llI;i, and the ot:J.~1J Contr:-Jetf)l' 1lIi.l~t assure that
1hf~ ('oJ)JlHf1ahol1 of tlu' tlV(' PU valve {'Ul'f'f>nt
\'aj'I('~' un ('~t(.h ~tal~(' do 11'Jt t'XCCL'd t1le capability
of U1<: l'U conmuter. '¥hen a r-urr('J" I In('t\SUff-'

nl('nl 1:; obtaineJ with Ole valve at It'nbjent tC'lll·

])I'rafu) c, use the C(jllowlll~~ )'('Iatior,ship to
dt,tf\I'mi1lp til€" rold vc! Iv(' curr~nt:

10-1'1. PHOl'l';L.L!'.NT I'T'L1YA'lION t)>:SJ'i~~l.
~,-- .~-, ------ ... " -,~. _._, -- ,--~

"

ie

NOTE

(', Set VOlllotor {'onll'nl pha~f': 10 \lac nns
llW;nIln1Jll, ,HH-/tli) !f7" 10 wnlU3 JU,t;dli111nl at

(10 vae rmr... 'tnr~ 1f)'1 II7.: [JflWU' fador, 0.39 to

0.70; illw-:inu;m enrL"(~Jlt~ 0, Of)!) ;JHlJ./L1C rillS

(hi .·,pd un HC'l u!"~jng ('('!ItOI' tap)

'fLo f:€'ntor t~p of the l'ontr'11-phl:tse
wlndin~~ is I'H'ntcd 38 tql'r:s from
fiftH:." end of OH' winding, and e~~h

;1alf of tlH~ contl'ol-pllP'sc wlndlltg
Tllltf;l have a tic reS1~tanC(' of 8. 2
(, lO I}(JfG~nl) Oh"IS ?t 68" F.

<1, rh,l,<:jC l'clati f JIlstllP (f'leetrica1 connPl~tor

P;W): F',r valve closinr;, lixnd-phasf volla[(" on
pm It Wtlh rlJ'spf'd to IJin P lead.s eontroi-phasfl
voltcRf' 011 pin C with ft.t:nCl":t lo pin E. l'ql'

vnlv(l OI)(~jllnf.;, (I'{cd-pha~c VOltl'~C' on phl It. with
1 cf'lJocl tf) pin P lap.:R control··ph:tl::e .".)p,,~{~ on
pin C with respect 10 pin F:.

: ('old fixcd-pha'Je current
(amppres)

:::;: measured c(JIltrol .... phase reslsl~

"""e ("hm',) af lim "'.,rrenl
:- m('<'u"-jl.irer~ tm:t tHad resistancf'

(,.:lnIS)
- !Hf1RSU ,'I'd f' .... rel ... JJ 11.1"(' ""l"l'(>nt

(aIJ;l)"res)

Ire

1
llH

To ohtnin ~JrJ':"quatp I'i.'jl".ltable bta~·t

l'nrt:,irnts. it 11') ruanCLlf(I!'Y thal tlll:

vvhj( l~~ rn'dnlnl.!l ttl', PH valve HI ttw
llllU jm~)IU(]n unhl It ',llnimllill of SH)
pf'rr:f'llt of etlr~mn thl'IJ~1 is ,.t:UiJirH'd,
l)uring Sf'/}) f€'<-:l...artfJ, thr' PfJ Vfl1Ye
I111Wl he hl'ld ill lhe mininHinl tvalvp
0JlPIl) PH pnr:.:,tion UHlill~t }('tlst 5
.">lE'('ontl~ aftflJ' ::; fDV rlprn cfJT'trol
."ign~< I.

)fJ .. 19. I'iCtlfC lO··Jq sho\l,';, a ,·;r'h~llwJ,tic 01 the
de 'trolllc('hail.t;J! PU valv<.' ~lf}S('!nhty, Ttw
vel)id~ JJ )rt~oll of (ll(> fly~~tenJ is 1\(1' H'pn t;f'nlf~r1

In til! scllf~/llat!(;.

Non:

10 .. If!. Tile PO va!".l' ;'il'd I'."; ::t rvollluli,/' .irl?
SlIPI.iicd wHh till' f'ng,1 f'~ alldil P\I,',i.f.l11H [elldb;frk
jlnT(!Ilti('I:ictel' i'. ~llJ piled ,l.~' a 1':J.,d ' f til; ll{]

" ahll) aSfjf~ lllIt] y. '1 jlf' pn.slf wn fp(~dbar;~;{'Ill (·nl i
()mnU~r h:c. <l l'efo'i;·:I~UIGI.~' f ~~1(;{10 'l!"Pllt;. 'lll(~

pp v{-llve In'p('rnbIJ llHt Itfi eUE.t'll,l('I-!;Uppllld,

bldg'()" nf ~ar:'l\rY-lJJnl!llt;.'d(~(;Hlrol tlysle!!l Jil:1k(,

I IlP the J>U SY5tUI~. TltC l'tJ \ ,~lvj haf.:: tIJp (;ap,:-

~
UJtliy (,i I."J!"y-int~ lltr; i'n~',in(' titnJ~f ~.1.d Jrl·xt'ur'
r~ti(f hy r l 'gI11atir,g tb" fall.' ,.I ()xi(iJ7£)}, dn'lli~'l

tifJ,1 tlJrouf~1! tho b)lta~~: ll'l{' 1)".)111 UH~ t\!~ LI'P~i!HP

~ vuIn l '! O'j'1{'1 j() the lJi~rt:"'JIJ:e~'btJl·(. bj(jf> of th(·
W t ' ll'l lopUJ)lf' mdUGfJf.

Ch~\,,~': No, 1- 41J"eelllbel' 1909 10-)



SoctIOn X H-3825-1

(I) Tile available computer 'lOllllgP (Ve
81n6) rnu~t h:~ H Ininifllum or ID vac for th0 PU
valv(' by thp abuve equa\ion.

l. With lhe PU vldve H,llled, [he required
control-ph8se voltage m",;l be determined by
the folluwing relahunship:

Vc _.115 (_._~C~-=- . )
- V f -0.236 + 0.0276'1' - 0.0001551,2

I

h. Valve responsl': Givcll a ~;tep el)l)lmand1
th" valve lllu',l It'avol stop-lu-slop (GO' 2 tll'[("ucs)
wHhin 2. 25 f:wcond~; maxilllulll, whc'n lhf~ Vr)llR~C

and jJ!la,sl: .l'c]Htk'H'JhqJ of llll' ;· ....plCS"'wn

.i. a{'uring bucltl,l~h:

ace available if required by the PU valve motor.

i. Feedback pctenliol1,eter; Heoululion O. 15
percpnt minimulil; linf~arity 1-0.50 percent from
best slraibhl li"e.

modificatiun instl'l1ction~. Without liquid qxygen
in the valve, operation may bp prot{l'amn}(~d c;on"
currently with power on. Prior to loading
('ryot~enjc8. power l11unt b~ applied to the fixed
phaHc ilnd the valve lJOHitionecl to null foJ' n. !10
hOlir~ minimulll. \Vilh the .PU vah'e cI')scd, the
l'O"istancp be(wt"cIl eonlleelo!' l':iIJ (pins .1 'lfId K)
and eunneetors 1'10~ (pill D) and 1'10'1 (]Jin .0)
JlH15t have mil'i murn r(!si~taneC'. V/Hh the J.)U
v~Iv(J open, the rnsj<:,tanc(t bctwe(ln r.OuHcctor
1'38 (pins K and L) and connectors 1'107 (pin _e)
and PI07 ~);il 1';) lllUHt huv(' minimum r(lsi.stan~~Q.

(11 P()wel' ge?r lloin (moto!'-l,,··valve gat,,):
."ith nlOtol' pinion gear lo('ked, v~~lve j.;'dtr. ~JS·

<:;ornt,1 y h;l('kla~;h tl1uc:;t 11(\t r>xel'Fr! nn~ dt'grce pC
arc.

(2) PotentionHJtr·r ge~r train {valv(~ ~at(' to
;){)t(~JltionH't('l'), Wifh potc;lllit)H1ef('r plllil)l~ l~(~ar

!l)~k(!d. valve gale as'3rt"nbly bacJ',LH:h nlu::~t Hut
(>:--l'c;~d O. 50 d{'gn..~c IA t'.rc.

;;. contr()l~phasl..' Yoltag(:
:::: measured PI} valve HH\XIIlJUlll

threshold voltage
:::: measul'~d fixed-phas(! v()llagc

~ measured-phase relatiunship in
dOgl'(;2S between the flxed-pha~e

voltage and the conlrol-phtH;e
voltage with the PU valve stalled

The Scage Contractor establishes whether or
not the available computer voltage is t;r"aler
tilan the ealculated Vc for the PU valve. In the
(Jvent tl~!J.t the available computer voltal~c is not
f'TOal('r ;';.~~11 the (':llcuJ::Jted Vc fal. the .rU valve i

NASA will determine- the re'luired ,1'.lio". The
extent uf the po.,.s,iblt· inc()wpcl.tl1)ihty is linnt(lcl
by the folluwlllg:

e. '[,l .cd vnl\.:Jgf~S al'U 1"111[., valuL's ha:J!\d on
sinuscidal VI(.IVf!f()rtl1:~, One o( lhe appli(ld volt
age::;. may lw nonSil11JS01<.!r\1. tr a nl)nsjnut~l)id.al

waVefOl'l1! t8 appl1NJ to ttl! :,,(If\'()Jllolor, the
waveform ml]<,t br~ J',,'.;s('d Ihr()II~;h a "hIve
analy~r!r. the fljn(h~I)l!'nt<,l :,;r,ur:nhllllllst m(>et
liw Yoltat~(' ("0qulI'ClIleJlt!-., illHI the pha!5e rt~l.. w

tion~)hip appheH to {he: ft1l1rt{ll1rntaJ 81T1'Jf-UHL

~

(2) The roquired PU valve thrcshnJrl Yoit
age (VT) must 11'J a maximum of 15. I vae. ~'O!'

PtT v~'lv{'s tcst(·(l as a COfl1pUnent (nnt jn~talkfi

OIl an en~ine) suosequent to 21 April 1~69, the
required PU "ulve threshold VQI1'~~c (VT) i" .,
maximum (~( 12. U Y:-te.

g. St.;'ps e anr l f apply at all mvtr)l· ()!H.~l'.ltll!~:

l~mllt~ratur('s that may vat'V hetween +30(J'" }<'

and - 50° F' as d(~l('rrnincd hy m(J,lS\lring CUlill'f11
phase wind[ll~ rOHlstancp.. Pov.cr rwmt Hot br
~ppliClj to U1'\ motor H pI oluetl\'fJ COI/I~)'H or
jlls1tl.tlion i:--5 0" th(~ valve actU.:l..tnf, (~y.cq)t hIGll"

!".tl:;n !nBtalled hy Rocketdy"e drawings <;,.

1.0- til (;bl)rIKC No.7 - -1 Dece1l1btr t~G!)
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MS3106··22·19P
MS3106- 36· lOP
MB3106-21·aOp.
MIl31O(l.·3e,· UP
MR~lOO.. 145-lIl'
MS3101l-145-lIP
MS:lI00·lOS1,· S3P

1'/
35
48
10
37
37
4'1
19
14
48
24
35
4..
:I

90-115
1'lO-175
155-1S5

IlO·100
130-165
130-165
155-165
100-125
100-125
15l}.185
11 &-145
155-185
40-00
40-50
30-40

--,-_._--------------------- --------
Figure 10·7. EI&ctrJ(!a.llllld F'Ught instrumnotaUon lnt'lrlace Connectol'H_._-_......------'---------

Volts
DC llemllrlr.s/No!es

Code

Add Deillte Pin
'Functional
J)OIl\erlption

---r-----r-----
Current

(Amperes,
MaxImum)

--'" -----------_.----- .._--_.,-----+----+------

I

A

B

C
J)

G

R

I

J

K

L

Supply, Control '(,ower

Supply, Control Powor

Spare Fin

Ilpllre Pin

Spnre Pin

IWpply, Control Power

Supply, Control 'Power

Spare PIn

Spar~> Vin

fJpu'e Pin

Spare Pl.!!

Command, Wmergenr;y
Helium V~nt

12. I)

12.0

12.0

12,0

3.0

22-31

22·U

20-31

(pI, (b)

(s,), (b)

(il), (b)

() (h,'a ,

(n)

M

1'1

o
P

s"lIU'C PI n

Spare Pin

Supply, Ignition J'owel' 20.0 22- 31 (II), (e)

Hel'.-rn, 19nHlon Md ConI 1'01 32.0 Ground1(d)

_JI.- L-R__. ;i~~~~~nlt\on and~=~.__~~:_._._~.Gro:~ _.~~_._
Figure 10-0, Eleetrle...llnterf~.e(' Connertor PSI ('lheot 1 of 2)

10·14 Chango 7'0. 7 - 4 [).,ecmbel· 1909



------~.-
Code

.._-~---
Add Delete PIn
--- ._----- ----_..

S

R-3825-I

-----------------l--------Current
Functiona.l (Arrporea,
Description M,1.Xlmun,)-- -------------_.. ----

Hetul'll, Ignition and Control 32.0
Power

Section X

______0 .... n? ••

Volts
DC Hemarks/Notes

._-------_.
Ground (d)

24-.H (a). Signal rpquired I
fol' 20 HlS milli··
rnt to, turn off
pr. or to f'ngino
LutUJ; .

(1 )

(2)

(2 )

(1)

(2)

(2)

'I

1]

V

w
X

x
y

b

b

I~
c

f

Retnrn, JfT,nUion and Control
Power

SU!Jpiy, Ignition Power

S1I1Jply, Ignition llower

Spare Wire

Command, Fuel Injection Tem
perature OK Bypass

Cnmmand, Mainslage Enable

Meas'll'ement, Engine Cutoff ON

Command, En[;ine Ready Bypass

Measurement, Engine R""dy

Spare Wire

McaSUrem"Ill, Mainslt'fSe OK
No, 2, Pre£su.dzed

,,'pare '1Iire

Spare Wire

Mainstige OK

Measurement, Malnstige OK
No.1, Pressurized

Command, Enf~ine 5't~rt

32.0

20.0

20.0

0.03

1).03

n. 10

(1.06

0.10

n. 12

O. 12

0.10

22.. 31

22-31

22 .. 31

22-31

20-31

20- 31

20-· 31

20-31

20·31

(tI)

(a), (c)

(a), (c)

(a), (i)

(a), (i)

(e), (I)

(a)

(e), (f)

(e), (I)

(I)

(el, (I)

h Spare Wire

Command, Engine Cutoff 0.30 21-31 (a), SIgnal rf,quil'ed I
for 20 Hlf, mjni
Uil\m.

._---1. _

k BlUeh! Return

------.----_._-

Electrostatic
ilhle lding
Curreut

Gl'O\lIld (:Olmect to rom-
Po['m- mon gWlJndinr,
tlal point in stage

______.L:~_:t~_lJ_I. _
Figure 10-8. Electrical JnllJrfacB Connector P51 (Sheet 2 of 2)

Change No.7 .. -I J>ecambe .. 1069 10-15



Secllon X R-3825-1

--~----- ---------
Cnde Cur)-ent

r'tmetional (AmpereA, Volts
Add Delete Pin DeAcrlpllon Maximum) DC Remarks/NoleR

--- -_..._~------------ ------- ---- -----------
A Spare WIre

(2) B Spare Wir"

(2) Il M(~asurpmentr COJ\trol Assent ... 0.0015 Sen figure 11" 19.
bly Tempcraturc No. 2

C ap?re Wire

D Measul'{!)(!I~nt , GSg 19nilioll 0.003 24-31 (1)
Dus MOllHor

E Measurement, Hellum Control 0.12 (g)
ON

(2 ) F bj)llre Wire

(2) F J\.feasurement, Control Assem- (h) See figure 11-19.
bly T!,mperature No. Z

(2) G Spare Wire

(2) G Measureme1lt, Control Assam- (h) See figure 11-19.
bly Temper:>.ture No. 2

H Sp:tr" Wir6

J Measurement, Ignition PhaRe O. 12 (g)
Control ON

K Measurement, Start Tank Dls- 0.12 (g)
charge ConLrol ON

J, Command, Sequence Test, 0.26 22-31 (a)
Simulation of Malnstage OK
Presgure Swltches

(5) M Cl1mmand, Sequence Test, 19ni- 0.03 22 .. 31 (a), (Ill)
(jon Det'Jelion Simulation

R (5 ) M &)lare Wire

(1) N MtH18Ul"ement, ojlare Monllnr O. III (r;)

(1) N Spare Wire

0 Span' Wire

P Me~'suremert, lIlalnstage Control 0.12 (g)
ON

Q Command, Component Te!lt, 2.5 20- .11 (g)
lleli'JIn Conl!'!.l

R Command, Componont Teat, 3.0 20-31 (g), (1)
Ignition Phase> Control

(1 ) S Command, Sequence Test, Fuel 0.03 22-31 (a), Not fl/nctional
Injection nmlperature Simu- with luel Injection
latlon temperature sen~or

jumper rec('ptaelo

I
lnslallN!.

~J__ S Spare Wlr',
-._- --_. .__.----_. .-- ._------_.

Fig"rn 10·~. EJeetrlcallnterface Connector PM (Sheet 1 of 4)
10-16 Change No. 12 • 18 OdolJel' 1972



H-38~5-1

-_._-- ._-~_._-------_._._-------

Code

Add D.'lele Pin

T

.---~----- ----[---_.._-_...
Current

I"unetiOlull (Amperes, Vol!,;
Descnptlon Maximum) DC Remark:;/Nl)lW,-----------_._-- ~--_. ----- _._._-_.---- ...

MeasUlement, Mains!age OK 0.12 (g)
No, 2, Depl'essurized

u

v

Measul'emcnt, Hainstage OK
Nu. J, Del'res~jm'iznd

Measurerwlll, E;ngine CulofC
Loc!,in

O. 12

O. 12

«; )

l6· n (v), (J), Under
e{ld~lln conditions'
oj oper;lfhll1 (HilJlU··
It·ll~(:OW3 appLication
(/, Gut,,£{ and ell
e,ine l'('udy hYl)[lSf:
cCJnJmanr)!'lo), the
l(loakl:.l[~e cur-refIt
(olle rrllJlir'lmpel'e
maxinlllm) in 1h<:J
"off" st.tto will
develop a voltagf~

in thor:!' cxtornrd
me<1.(;uremcnt C.l r
cut~. The rnpa~

urement cirelli!
input resistance
should he ;;pp1'O"
ill1atcly 5,000
ohms.

(5) W Measurement, IgnitIon Complete O. 12 (g), 1:nd\c:lteR con
till'.10;1sly wJth ~

(llHtlmy h.{n'~Jf)n

detector l'ro!)p
inr.talled.

(a)

(g), (11)

22··3 \0.10

0.12VI M(tAf:;Ur(>mf'nl J T!~nIl1'Jn (, nrnplph'"

(2 ) X Spare Wire

X Command. Component Test,
Spark System No. 2

y Supply, Component Tl'st POVler 9.0 24··31 (a), (£), To he
IIR"'! a 5 the de

l
~lIpply for compo-
nen! t08t~.

(2) Z; Command, Component Test, O. lG 122·n (a)
&park Sysbm

---- --- ------~_._.-----------_._---- -~--~---~- - .._.---------

(2i

FlguTC 10-9. r:lecll'lcal Tntcrfoce COI'Hec'.or p,;.j (1iI",r! 2 0(4)

10·1'1



Sectlon X R-3825-1

------ -----
Codp Current

----- Funcllonal (Amperes, Yolts
Add Delete Pin Description Maximum) IX.: Hemarl;s/Notes

------------
(2 ) Z Command, Coul~/onent 'rcst; 0.16 22-31 (a)

Spark System No.1

" M,'armremm:t, Oxidizer 'Il,r- O. 12 (g)
blue Bypass V?lve Clused

b Measurement, (lxlcl\ze1' '1'111'- 0.12 (g)
blne Bypas" Valve Open

(3 ) c starl Tank Depressurized 0.12 (g)

(3 ) (1) c 'Ileasur"ment, Spare MonltOl' 0.12 (g)

( l) c Brwre Wlrll

(1) d l'v'I'cno111'cmcnt j I'll"! Injection 0.12 (g)
Temp"rature OK

(1 ) cl I>'pare Wire

(2) 0 Mulnstage OK 0.12 (g)

(2) e Spare Wire

f Command, Component Test, 3.0 20-31 (a), (l)
Malnstage Control

, Command. Component Test, 3.0 20-31 (a), (I)
'" start Tank Discharge Control

h Measuro''1cnt, ASI Spark ON 0.12 (g)

1- Measurement, UG b'park ON 0.12 (g)

(~ ) k Stut Tank Pressurized O. 12 (g)

(~ ) (1 ) k MeasUl'Clllcnt, Spare l\lonltor 0.12 (g)

(I) k Spare Wire

Tn Supply, GSE Ground Reforence 10.0 GND

n Mcasurement, Ignition Yoltage 0.0003 0-5 Heslelanco of
ManilaI' measuring dpvlce

must be 100,000
ohms minimum •

--- ..~._-- __l ____~.__._ - --- • k __

FJf{.J1'e 10-9. gl<!ctrlcal l.nteI'ro1~e Connectot' 1'54 (Sheet 3 of 4)

10"10 Change N/). 12 - t8 October 1972



H-3825··1

---~-- -"--- -.-~_._-_•._----
C0c.1e

~dr+i",l~ Pill

l!.

(5)

(5)

l'

II

v

Fll1\etiona t
~SC t'lptiOIl

MeaSUrCnlfmt, Contl'ol Assem
bly Tcmpf,>rature No. 1

MeaRUl'Cmcnt, No. 1 GG I'park
MOIlH or

Measurement, No. 1 GG Spark
Monitor and Timer Multiplex

Measurement, No. 2 GO Spark
Monitor

Mm'H';1't'f'mcnt, Cfmb'ot Voltn[~c

Monitor

M<::asurcment, Ir~strumel\tatlon
Return

Measurement, Control Assem··
bly Temperature No. 1

MfJ<lSllt'cment, Contr01 AElsem
bly T()mperafurc No. 1

Current
(Amperes,
Maximum)

0.0015

0.0003

0.001

(h)

(h)

Volts
DC

Rec
fj r,ur('
1.0-3.

See
Itgux'e
10-3A.

Sep
figure
10-3.

0-5

Hemul'ks/Notes

Sec fig '."c 11-19.

Meal'lurfnr, (kll,lict'

re!'lstanen Is
('I'0,000 ohms l10 ,0.

Me~lmt'jll~ dcviG(' I
reS1stance is
J0,000 ohms ±la' ;1.

Mea8llrfnp, dpvic e
l"!!slstance is
10,000 ohms J JOr~.

H('[J ist anct: of
HlP;u:;lll'Jng (lrvicr>
mUBt hp HlO ,000
ohws minfwunl.

(k)

&H~ figure 11-19.

Sej~ fi~re 11-19.

..._--'-------_.-_. --"--"'-

(5)

(5)

_1.

(5) w

w

x

MNl.SUrCrfJEJnt, No.2 ASI Spark
MO'litor

Measurol1ll"lnt J No. 2 ASI Spilrk
ManUal' and TImer Multiplex

Mfoasurement, No. 1 AS! Spark
Monihw

Meaourf'lment, No. 1 ASr &'pal'k
Monitor am.! Thner Multlplc!x

Sea
figure
10-3.

SE.-'e
fi~~Jr('

lO-3A.

S€e
fiv,uro
10-3.

Sec
fl&'\Ire
10~3A •

Measuring clevie f'

resistance Is
10,000 ohms.d Or;;I.

Me~l)llrlng device I
resiGtance is
10,000 ohmlJ tlO"{.

Measuring device
resistnnce Is
10,000 ohms .dOlt>.

Measuring d(l\ri.r~e I
T€Air,tance is
10,000 ohms i IOu,;.

figure 1.0-9. Elcctt'Jcal InhHfn.c~ Cl}l'1.11cdor 1>54 (She€,t 3 of 4)

Ctl:tn~e No. 12 - 18 (Jdobcr H"i:{ 10-· HlAjl 0-18 £:l



H-3825-1 :--'ectton X

To be cor·1tpc'r:d
to commOli
gl'OUlldillg point
tn f.Jtngc ~,YHteJI1.

'I Elcctl'o£)tatk (IL'Olllld

Shioldlo(; l [',,10n··
I Current ltll 1

____. L. . _

511icld Hpturn

--;:-0::;--1-- --- ------l--c~~t--T-·---·-.-! _.- ._-
-----.-. F1UlrtloJlal (AlHpol'en, VOHfl I
Ml ~~~~_t~'__ I'll'.. ~~:"'riptt"fl ~,la.xllnUlfl) _~._l_n_o_.I_n_,1r:;s/Notos

'i Command, C'lIllPO,,, al 'l'osl, 0.300 24-31' (a), Comma',,"
Lockout sl[:(Tlal to be main-

/
latlled thr(lt1f'llO"'~
component ttlF.t.

I
I

I

I ~

.. ... J_~ _
...._-----~-- ----- ,._---- ----- -'.

("!de ClIl'rPllt

:~;~L!l"I~[~' _ (ArnJlerl'~, \'0It rl
llin Fllllctlollnl De.':J\'1 iptlOH I\f,lXlIl1UIH) I)C l;:em;ll'kH/N()tos

._-----~ .. ----- '-~-1----------_·-
(,I) A Spar" IV i 1'''

(4) A n('lul'n, MixlIH'(! HnUn C01.trol 3.0 <iNI) IValvo

,I' n SJlnl'L~ W i1'f'

121 -11(4 ) n \....'IHll1Jlan.i, MixlUrp H~ldu Con·· :1. 0 (:l )
ll'ol \'nlv(' I" Low EMIl I

(4 ) c: ISupply, I'U Valvo Conll"'! 1J,1l IPara- VOJtn.I{O tlll'4Sured wHit
Pha'_" Vol!ogl' 1 r.;ra!)h • (l.~llect lo (Otllll.;dol'

10-20. I':W, pill E. \,'j'JC!
figoJ)'(' ] 0~ 14 )

(1 ) C Spart.: Wn'n

(4 ) II Supply, I'U Valvo Control N,\ PiJr~- I';('ntol' [:'j)
Pl1~lse Voltar,t" ~r",)h

! 0-7.0.

(4 ) D Spari' Wirc

~4) E StllJ ply, PU Valve COIJ'I'r! 0.8 l'ara ... Volh\(J,0 nlfasurecl Wlth
Phaso voltagu graph {"I:spect t.o COJ111eeto\'

llJ-20. 1'38,pln C. (Set~ figure
10·14. )

(4) I; Sp,tl'l' Wire

_._L L:.... >!)'tr:_~l.!,r:' . '- ... • _____ .---_0_"" -

F!~ul'e 10--111, meclri,;nllnlerlacp COJ1J1cctOI' I'3f1 (,%cot 1 of 2)

Chal.g~ No. 12 - 18 O<:tober t9~;; 10-19



Section X H-332" ·1

Vollage mCH~1tu'ccl wlth
rc,qpl'd to conlll.etor
:,~Ill pill L.

"oltagt. ""'''';',\1 ("I with
l'I'sllC'C! to I;OIlI\Ce!(ll'

1'31:, In" L.

V(jlL\t~e IrII.':l::ml"pd with
reHlwrt to l'o/llwr'lor
1'38, pill L,

L,ur,. )

77,0
(lItax!
l'1UnJ)

'/'I, 11
(m,C-:l·'
)11\)111)

77,U
(lll~,xi .
III um)

11. ;,
(maxl-

0,022

M ells\.! \'CfflHnt, Potent iOlilotcr
l"put, F""dl,,,ck

opa\,(J VI Ire

!\.i l'a!JlI rpm Olll, !)otl'nt lOlnt·l 01'

Oulpul, F""dl>""k

I SP<ll'C' \Vit'l)

t1'~:1 '';1\1' om (lot, JInlcmUof.wh.'l'
I N')['.llll~l Tap, Fcedll"c1·,

ISpare 1,', i,'('

Mi~aSnrt\nH'llt, Potentwmcter
V1'C,l41lJ, t\)edbU-cJ~,

JI

('
-'

J

,1

(,1)

(,j)

(4)

(1)

(4) L spnrl...' V/lre

1,1 Sparo Wlr!'

1'1 Spare Wit'l)

(4) p Uupply, PIl V(live Fixed·Phase
Voltal('

l'n1'a
~rnJlh
: 0·20,

Voltn~~I~ rneasured with
re~JH:ct to l:onneetol'
1'38, pin H,

(4 )

(4)

l'

R

b)lare Wi l'"

Supply, PU Valve Fixed-l'haso
Voltage

Para
graph
10-20,

Voltage measul'(,d with
respeel to connector
1'38, pin P.

(4)
(4)

R

s
Hpare Wire

Continuity Check 5.0 Conllnully ,Iumper to
conucclor 1'38, pin G,

(4)
(4)

S

T

&'pare Wire

.Shield Rclurn J£l<!ctro
slallc
Shielding
CUl'I'ent

G,'mlnd
Poten ..
lial

'1'0 be "onnectcd to com
mon grounding point In
alage syslem,

i::2..-l -'_T_~Sp.nrc \_"_iI.,:.'c .
t

_

10·20
Figure 10-10, Elcctrical Interfacc Connector 1'38 (S~net 2 of 2)

Change No. 11 - 25 May lB7l.



----------

R-3H25-1 Section X

(a) Twonty lour to thirty Olll,) vdc at any start prior to mainstage; 22-31 vde aCto,' mainstage; 3Z vdc
maxlmunl at jUltial vu1tn~l) HppHcatil)1\ for it lwriod not to t~xc.:!cd eo seconds; .'lppln voltag1J not
to e""ee,.! 2. 1 vults peak. The maxtmum voltage tr.lnsient limits III list be a 50· volt positive
pulse w:lh a time width of 10 microf,econds aIHI a repetition rate of 20 cps.

(b) One of focr par.lllel ""ntrol voltage supply Ir.l,uts lwving an aggl'egat" ma,"",,,m CUI'rpnt d.","ln,l
of 12, 0 ampere~,

(c) (JIlO of tht'ec parallol i[;nttlOn voltage supply inputs havil'g an .lggngalc ma"imum curr,,,,t de
mand of 20.0 alilpel'Cr,.

(d) Olle of four parallol de power supply retul'll" haVing an ag~regat(' ma"imum cUlTen', dem'",,1 of
32,0 alllp"res,

(0) Voltage oUlput nu,y lJ" sOIIle\\·hat loss (2-4 volts) than controt bus voltal:" duo to forward ,'oltage
drops in diodes and translHlors,

([) Pl'f)CautioIH' mm·lf tk\ taken to l,rotcr..t thche eil'cuitH (nun allY ,<;':Il:..rt circuit 01' (Jverloadirlg frotll
sla~e OS/·:, (>vo"lo(\(lIn[: of the"e circuits can result in burnout of lho ECA,

(~) ('In:uit is !,l'ote.:ted hl' 250.. ohl'll series re!Jlstol'; oulput volta"e is a funetion (,f input l'e~Istance

01 nWasul'lIlfl d(Jvle~, (F>!,:ul'" 10· 13. )

(h) The CUI'l'tHlt ba .OJ1C(' 1(>1' th,' three wIres of the t","peralu1'() transdueol' ShO'lld be such thaI the
line J'esistalH'E: is not marlp a. bi~~ni(lcnnt part of the measurement.

(i) Signall'o<juil'c,' for 20 milli"('con<ls ,,,iuimUln aCtel' the oxpiratlon of lhe f3TDV (iolay timer.

(J) MlllllllUlll curl'c",l wUh the mpUSIII'('ment on ill 0,005 'Impel'''.

(k) This pill Illllsl be i.;ol"to<l from "y"tem ground by n rosistance 01 at least 10,000 ohms to kCf:p
tho meaClIl'(lllHmt ct.'l'l'cnt bf'llow 0.001 ampere,

(1) I lower ("Olll connectol PG4, pin Y, rllust be uticd.

(m) On E'nflln('s 1I0t lllcol'porn\lnr; MIX)CO or MD?.Q,~ CMlli<C, pin M of connector 1'54 must. not b,' I
CnerRIZl'd when a sll"na I 1;; pX'csell! on pin W of conn('ctol' P54. A spcnt Ignition dctoctor PI'O"O
01' a dllliHny proho (MD:1_3,8. "hang,,) InRtallcd conRt!lIltcs Ihe romaHlin!': normal means of prodlldnr:
a Hlronal OIl pin W of COIlTiCctOl' 1'54,

(n) This maaSUI'Clll0nt IH conncctl~,1 to the conlrol bUB thrOUI(h a 2[,'.' ohm reRlstor and a diode. The I
title Is retatnedlor Interface compallbillty with previous electrical coutrol assembltes.

Figure 10-11. Notes 101' Elecll'ical Intertacc COlllll!ctors

Change No. l~ - 18 October t072 10-21



Section X R-3825-1

I'1Kllrc 10-12. l';"glnc Effecllvlty for Elccll'lt:l\\ Inte1'fncc COltncdol's

Change No. 12 - ),8 October 1,972



Section X

------------

J2.1·'IG

~MO

Vo • OUTPUT V01:L'Am:

"'•• INPUT v()r.rA(J~:

HI. • ~;X-l EIW.... I, l,oAn

-----------

,-----~-- -----------------'-1

.~------_.--_ .._----

------_.~-..-----------------.

1-1,-------------- ---...~----'
a (.------------- ---.-----------~o IQOQ

1.0,0,0 Itr.SC,fANCj:, OjjM~

o I tr·-~-------------· .--,----

0.9

O,B

0.7

~ 0,(, -
Lol 0
I,) :>-
~ ...
f-o 0,5,j

0
,~

tJ
~ ."
t" f-o
,) .~

0.4Q., 0

!::i ;..

0 ~,
0..
~

(I 2

._.._--------------~~._----~---,~---
l,_
Figure 10-13. Hclatioll of Mtnimum MOllltor Output Voltago to Input Voll;t~{e and Exte rnal- Load Hetlistance

--- F£EDD,\CK
part: 1(l10Mt:T1:n

300 OHM~

~
-CO"'fllOI.I'IIAft~f.., .~- tllo.t:1J I'll"....·

H~--------'"4=(..,,---:-·-l-= I 0 !.......--lot:ft~·OMOn.lH
Joo~------,r.---=._ I I •••• ,,1 "s(,},M1INC;

l-\f!,;.-------.-...t...---------+----....J 3(,5: t QUH'l! r____ hIlAf"]--.::::J .__.-_.)....
_ !,(~T.u:.TI~W;!1 TAPtt"IXWIJ::-, ~ : ' ........

INPur, ........

(-- POH:III'lOMI~n:ll(lIJTl'l1T I e 'l.H(.+T-----...;.:;;,;,,;;;,;,;,,- I,
._- CI~1E.Il..- _. -- - f'~' I. ~,~5

\-OF:AHll'oC

....._._--_.-------_._------- J2- I 68Jl

._---~--------------

Figure 10-14. Propellant Uti Iizatl.on Control System
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H.-3825-1

SECTIU~ Xl

iNSTIWMENTATION SYSTEM INTgHFACE DATA

TABLI'~ OF CONTENTS

Scdion Xl
Contents

Pal'al~t'aphs 11-1 to 11-4

11-2 IIH..tl'Umcntation .System ..•••••
t 1- 5 Do:.;lr~n Cl'ltl'l'la ..•....•.•.
11-7 Pump Inl pt J\.h:ahlu·('lIl\~ntH ••••

1l~9 'I'Ul'holWmp 'r ~('h()rnC't£:l's . , , , •
11-11 Vrtlvl" ])obtHoll Indicators.
11~ 13 ProjJcllant. Flow Mf':U;ul'f'-

nl t~nt ....... , ...... ,. ....
11-1(j rlll('l'<'l)llIH'('tlJl!~' Hal'Il('fJf;

A~ ~;ell!blics .••••••••...
11- 17 Prl'}ibUre Mt':lf;urPlllCnL .....

11- t
11- 50A
11-51
11- Gl
11-52

11- 52

11- 52
11- G2

11-20 'I't'rlilleraturc Measure'mont • , • 11- 52
11··24 Sbgc Slatic··Tcnt Mea~jllrlJ-

rne)~tH ~ •• +a •• ]l-~jt1

1t-ilti Gas Gellel'ntor Ov('l'tenllwr ..
ahu'c Tl'nn:-;duccl' M,tting
ConJlPctol' to Cable ,}Oillt
He'qlli l'('JlICnts ••• , •••••• 11- t>4

11-28 Illstl'lIlH(!l\tuHon .Pow!'r
Hequll'cm('lltR .••••••..•• 11- [it)

------~~~--

11-1. SCOPE. '['hi!; fJN:tiO!1 contain/. tn!r:rfal'('
data fur tile pl'iln:ll'y and tlw alJxtHary llwh'u
mcntatioll ~YSLt'IllS.

11-2. I NSl'I\.tHvH,N'l'ATlON SYl:J'l'EM.._----_._-_.......__ .~~....._---
11-3. 'I'll(' Im:-;ic flight InstruJllont:1.tlon syf;lolll
is c;OIlL!l0bed of a prima ry j nBtrnfUpntution sys
t(, III dN.,) ~~jH~ll to j nelurl(! those p~U'(llnctcrs cd tt
cal to ,Ill C'ngine slutie fil'lllg~; anti subsequent
vellidl' !auJlr.!lps, aud un auxi linl'y sy::;lP.lll for
ll~e durlne [Ill: l'(~se;J,reh and devclopnH'lll and
accppU';nco !>o!'lion of thp eng-tne stutlc·-test
IH'(J~:l'aJll tend Inl Hal vehiclH fliKhts.

l1· 'L Th€' fttlx1Uary pacl~f.gc may be cto1eted
from th(~ ba~.;lc t'Il[',inc instrumentation systt'm

\
"

af!l'l' ttl!' pl'optdH!lln sy~tPlll has estab] 1i';!INl Itt,
l' eJiahl Ji ty dllri n~ rOS('a 1'(' It and <luvl'lopnll.~nt

vehIcle fli{~hth. OIH,;i!',n \If lllo ul1xiliary pa('k~q~e

allows for deld i(,n and lor buh.'-,lituti on of pal'a ill

del'S cte!~rncd 1l0C N;~)m' y as a rc:,lIlt or addi tiona 1
hwUng. Eventual dcletloll of tllo auxiliary pack
.lite wl11 not intol'f('l'(J wilh til<' reHabl1ity of
mcn~,lll't!llH'nt capabllHy 01 the pl'imal'y illsll'lJ
llIpntatioll Hyf:d.lJlJ1. The I'd mary and ~l1xj lial'y
pm'am<'lcrs to bfl monltored an' lif;tQclin
II (.,'1Il'CS 11-1 thl'Ull ~h 11-:J 2. NoleH and pn;;illl1

t)f[cctivity codes fCil' thc},(' Hgur('s are contailH'd
in fig111'l's :11-13 and 11-14. Im;tJ'unwnlatioJ)
tap location:, nre shown in fl~lre 11- Hi, and a
complete inslrumentati011 list i:.; shown in
ii gure 11-16. '1' hI') complt!te cngine- to- vehicle
electrIcal and instrumentation interfaco is pre'·
sented schcmaticall)l in Iigl.ll'C 11-17.

Change No. a - 7 May 1970 11-1



Section XI R-38Z5-1

------ ------
C....rlc H

Current

'0'" n~;~"""!NO'O"Flinctional 0 (AII1pel'(lS,
Add Delete Pin Vt: flc l'111 tion Ran~e (Ohms) Maxl~lull1)

---_..- ----
A Slipply, Primary 0.'150 24-32 I BUnged to co,,-

Int;f.l'u rile nta tion nee tor 1'106,
Syr.;tcm Package pin M.
28 vdc Power

B fJlIpply, 28 vdc 1, 19 Ground HUnscd 10 Con-
Dliplicate Power pot,mUal nector P J06,

. Het\ll'n COl' Pl'i ~ pill N.
IHury Ilwtl'UnWll~

tatlon System

C Spare Wire BlissI'd to 1'011-

IlcCtO!' 1'106,
pin P.

I) Supply, ['l'[,nal'y 0.1 GI'Ollfll1 BUSflNt 10 CtJn-

Insti'ui,l ('ntaf ion pul,'ntinl Ileelor 1'106,
Package 5 vdc pin ~

Pow Ol' Helul'll

(6) J.; 1'l'c!allllch Ileatel'
POWP.l'

(6) E Spal'e Wir,'

(5) F I'rl'1atlneli 1l('at('I' Not used
Heltll'''

(6\ F :;pal'C Wi 1'0

I (6) G Flil;llt Heater
Puwer

(6) (i Spare Wire

(6) Il Flight Heater Not used
Heturn

(6) II Spal'C' Wii'('

I Supply; 28 vdc 0.5 24-32
COJnlllon to
VOJVl~ r3\vitchcs

1.r Spar<' Wire

--<-..

F'il(lu'e 11-1. r'light lnstrntllentnt!on Interlace Conncdol' 1'105

11-2 Change No. 7 - 4 December 1369



H-:1825-1 Sedll)ll Xl

---- ---- -----_..
Code '-1- Funclional H c,,,""'4G

Add Delele Pin Dl."'scrlptiol\ Hange (Ohms) (A:~lerO&) Volts DC }~cnlarks/ ~()tes

.- --- _._--

A Spare Wil'e

II Spal'e \\'irc

C Spare Wil'e

!l 8fJ.tre \Vu'c

(7)(10) E Cotlunaml, ,',,01 O,(H8 24 -3'. (a) pill J; (0)
Pump 1I1lrl·~)tagf· maximulll
Pressure, 20-
Pe,."ent Ca\lbl'a-
lion. Yoltnj~c

Input

('/) l~ Spal''' WIl'0

(10) E COlllmand , O. /j':fI 24-32 (a) pin ,J; (e)
Thrust Chamher tll?....ximulll
Low ... 1{..1n~~{'

Pl'{,~H;Ul'l', 20 ..
PCl'cenl Call-
bration, VoltagL'
Input

(7) (10) II COInIl1anrl, Fuol O.O·lfl 24-3~ (ll) pln.J; (0)

l'umpln!"I'sl.lIW maxi mllm
Pl'(Jb~'lll'C, 80-
PC'l'('C'nl Calihra-
UOIt, Voltage
(npu!

('I) f' Spare Wire

(10) F COnlma.nd, 'J'ltru~t 0,048 24-32 (bj pill.l; k)
Chamber] tOW- mnxilllulll
1U:U'l~~e P:t:cHcttrc,
80··l','rcell! Calt-
bra li"II, Vo(ulge
illJlut

G &'parc WIre

H Spare WI,.o

(7)(IC).J Measurement. 0-200 ((i.O ,0 1) 0-5 (0)
Fuel Pump IntQl'- p~ia X 10- 5 at
stag" Prt'ssure, 'i vde
Signal Output J

('I) J Spare Wire - -. --
__.-"-__--'__ [ ---1.____ __..... _ . _

FII',\1f1' 11-2. Flight inbhum~ntaiionInterface Conned"r 1'106 (Shed 1 of 5)

c;hanl~o No.7· 4 December 1969 11-3



1:ieclioJl Xl

---COel<-'- ---1-' -___ 1, uncunnal

~~~l:::~cte ~ _~Hel'i_pti()n _

(10) J ~I(la6m'ernl\ntJ

Tln'ust Ch~lll11N'

Low-Hanr,c
Pt'e:-'sll re,
Signal Output

0·30
p~ia

fl-3B2!i.]

~---!-:=:-G------'--.-I (Oh~n:;) (Amperes) Volt" DC Hemarks' Noles--- --------
-- (1.[,(,1) 05 (c)

I
x 10- 5 ,,(
~) vc!c'

I
K ~ lcastll'cm (~Ilt,

Primary Instru
mentation Package
Te rnll N'atu.rc,
SIgnal Outl!ut

.- 300' 200 12
tn

1200° F

1.5xlO-3
,lla,iJ1LUII'

(t1)

L Spa1'(1 Wil'(,

M I Supply. Pl'iltl:lry
In -::t ru Inell t':lli \)11

P.tr'kagc, 2ll vdc
Powe,' (Heelundallt)

0,'150
1il".'i.illHlIll

Hus.sed to con]lC'('
tOl' PIllS, pin A.

N Supply, Prlmu ry l,HJ (,1'c)\JucI Bussed to {~OIllU~(,-

I Ilhtl' um f.lll taU 0:1 mnxllUtlIh pot<'1I1ial tor PlOfJ, pili n.
PaeJ.:..lgl"'l, 21J \'e1e
1>0\\.'01' Hp~\Il'lI

(lledlllld\1 nl)

p Spare Wire

H 8pl\1'(' Wtrc n~lHtH'li til pill C.

S MCaSUl'CIlIf.'llt, ~~('L' Slit' (f) Groun(l
Primary !n~;tl't\- pi II K pin K potnlltil.l
lllentatLon Pa(~k ..
:lr~e ')'(~Ill1Jol'atur(>.

Oulput COJlllllOn

T MP.ilSll rcnH:nl, 0·- (;,,0 10.]) 0-5 (e)
IlrlhlJl\ Tank 3,500 x 10- 5 at
Prt.Jsbltl'e, 1)\ gnal (Jsia 5 "fie
Output

U Cottllllrtnct, Helium fJ, ')48 24-32 (a) pin T; (e)
Tank Pl'essurr, maxhnmll
20- PercCII! Cali-
lJl'atiOl~, Vol(age
IlIpu!

V Command, Ilelium 0.0'18 24-32 (1)) pili T; (e)
Tan.J.:': 1?ro:;f,ur~, maximunl
80- Percent Cali-
bral;,,", Voltage
Input

_____0_. --_._.- ------ ----- ----------
Figure ]]-2. Fli[:"t Inblrnnlcntallun Inlerlace Conllec(ol' 1'106 (SIlt'l'! 2 of 0) ,;

11,-4 Change No. 'I - 4 Decl'Inber JD69



!{··3825-1 Section XI

-----j---·-----r r-
Code Functional It em ft'nt I

A(~iroo)cte Pin DeH"I'iption R~nl~e (OI~IIlS) \ArnpCl'l'H) Volts J)~_I Iternurl,s/Notes-t--_. --- ~_._-

\II C()mnland, I'uel 0.0·1(' 24-32 (a) pin.!: (P)
Pump DischD l'ljfl. maximum
l)I'C~SUl'(>J 20-
Percetlt Calihra-
tion, Voltage
Input

X COJillHHlld j Fuel 0.04il 24 - ,12 (hi ,)in _~: (oj
PUIllP Dhch4ll'gc rnnXitnlll11

l'l'Cf,BUl'C, 80-
l'ercont Cahhra-
ti Oil ; Voltago
lllpu t

Z Supply, Pl'ilnill'Y 0.1 Ground BUf;ifiC'd to ('01\11('('-

IT I ~~t r lun 1..'11 Ut ti()/l mn,llllllill lIolential tor P1Of), pili lJ.
Pnckngt' , ~) vdt'
l'o',v4'r f«'PU'll

\Hl'<1un<lHnt)

a l\I(1;u.urem ('nl, Pl'l· SC'(' See ([) (;l'olilld
nl,u'y JJlhll'UIHPuta·· pin K. pili 1<' "otellthl
lion Package Tem-
IH'l'ahll'l' Inplit
COIHnl{l/1

b Mcahurelll Pllt 1 0- (G,O ,0. I) O-f, (0)
Start Tank 1, f:OO x 10" 5 at
Pl.'('Bblll'e pHla f) vd('
Tl'HIH';<!Ut'('l"

~ienal Output

(' ClJUlfl1:tlld, Start o.tl-lil 24-:J2 (al pin b: «')
'rallk Prcsbul'C, maxillldlli
20 ... Pl'r'eHnt
Calihration,
Voltage Input

d C'omnland, Start 0.04H 24· 32 (il) pin !,: (0)

T~Hlk Prc~wurr., ma..'Clmllnl
HO··Pel·cent
Ca 1l brallon,
Voltage Input

(4) c 1\1~asul'cmcnt, 0- (5.0 JO. 1) 0··5 (" )
Oxlell?€l' Pump 1,500 oX 10-:; at
lJiS<:lUll"gC I'reB- psla 5 vd(;
sure, SI[;lIa I
Output

Flgur" 11-2. Fltght lnsU'umentation Illterfa('e COllnectol' PlOfj (Sbee! :J of 5)

Changc No. 7 - 4 December 1969 11- 5



Section XI H-3825-1

._---- -----~---.~::;;-T-T--~---~'--'
~ F\lndlOnal

Add Delete Pin Dcsr:dptloll Hange
Ho Cune!\t

(OlllllS) (Amperes) Volts DC HClllal"k.s/Note~

f 1\1 (' a ~ut' Cn1('nt,
Fud Pump
Dbrh:u'ge Pres
sure, Signal
Output

0
1,GOO
psia

(5,O,D,l)
x lO-Oa+
J vde

0-5 (e}

g; Command, ThruM
ChrllnbC'l' I'res··
l-iU\'c, 20- PercC'nt
en librntlon,
Voltnce InplJt

0.018
m~L'\imum

24-3~ (a) pin l!;(e)

(1) h MpaHUl'Olllellt,

G;l S (;('lLorator
Chamber Pl'(I~

HUl'n, Sif.\Mll
Ou tput

0
1,000
pbia

(5.0 10. 1)
x lO-~j at
5 vue

0·· :1 (c)

(J)

(1)

h Mtasul'''Ilt'mt,
Flltll Turbine·
Iuld PrCHl)ure,
SII~Ull Output

J. COlllmand, Gas
GCHlcrator
Ch~lllber P1' cB
burr, 20- PCI'CCllt
Ca Uhratloll,
VnHa~~c:

0- (~. 0 10.1) O-G
1,000 x 10- Gat
psla 1) "de

0.048 ~4<1?

maxillHlIil

(c)

(1} COJ)unalJd, Fuel
T\ll'1l11\0 Inlet
P1'(~BE.llrO, 20
Pel'cont Calibra
tt on, V (I]tH go
Input

O.O<1H
m;lxilllum

(a) pi,' ~; (c)0.048 21-3~

f\l;I,.."im\lnl I

III

k Command,
Oxidiz(>l' Ptllnp
Discharge
Pressure! 20-
Pcrccnl Calibra-
tion, V<.lL'.gL·
Jnp\lt

Command, Oxi - 0.048 24 - 32 (0) pln !:; (c)
dJ7,CI Pump Dls- maximum
ChUL'Ij€ Prcflbure,
80- Perct'nt

Calibration, J j
_VOltal~e rn~ut._ ~__ ....l ,---.__ _ . .~

Fi guro 11-2. F'light Instrw1\cmtatinn Interface Connl}ctot' P10G (Sheet 4 of 5)

11-6 ChlUlge No. '7 - 4 December 1.969



;(·3825·1 Section Xl

(e)

(h) pln.t!; (c)

d
lal

2 (1)1 pin 1'; k)

nc f('luarkR INotes

R Current0

(OI'lnB) (Amperes) Vults
-

-- 0.048 24-:1
ma..xlmUln

-- (f..O ,0.1) 0-5
x 10- 5 at
f> vdc

-- 0.0,18 24-3'
tluoomum

-- 0.048 24-3'
nlaximum

-- Elec(ro- Grntm
static potcnt.
nhlddln,;
current

,-_._-

0
1,000
p81n

Pl~r
._----

Code
~"'uncUOllal

Add Delete Description

1\ Cutnmand, Thrust- Chambb :"lrcs ...
6Ul'l,!, 80- .P('~.fcent

Calibratiun,
Voltag(' Input

p. Measurcrnent,
Thruut Challluer
Pressure, Signal
Output

(1) I' Command, Gas
Geno.1'ator Cham-
l)f)~ PrCfH3Ure,
aU-I'el'cent
Ca Ubl'ution,
Voltage Input

(1) I' Command, Fuel
TIIl'ulne Inlet
Pre88\1re, ao-
PercCl~t C"lI-
bratlon, Vol!.we
Input

8 Shhlld Hclum

F1~ul'n 11-2. Fl1l'.ht lr",trUlllcnt"Uon IntN'facl' COlllwdor 1'100 (Sheel 5 "f 5)

---- .__._--_.- ---,---- _._--- -- ---,.---_..._._-
HClllarl<t3/ NotCHVults IJC

CU1TPllt

(Ampel'cs,
Maxilllum)

n
()

(Ohms)
Functlon"1
Description

Code

Acid Delet(' Pin
--- -.-_. _..... --_.._- ---- --- ---- ------ .------

I5.011
-l{1,50

;,.uo
,,0.50

0.00:1 at
5.0 vdc

0.00:' (It

5.0 vdc
(23)

(23)

A Spal'l' WH'l)

D Spa"e Wit'c

C Sparc Wire

D Spare WlrlJ

E Supply, Propellant
UU:izatlon Valve
Po~iUon, Pole"li
omctor J 5 vde

E Supply, r,;' ture
Ratio Co, ,I Valve
PosHion i'olen!!-
oInelel', Gvdc---- _. -- ---_._-._--- ---_._- ------ -~._---.--,'.'----- ..

IIIBlir,~ 11--3. Flight I1wlrumenlatloJl Inlet'face Conn,Jelo\' 1'107 \:,hcd : .. f 'J)

ChlUlgU Nu. 11·· 2b May lB'lJ t 1 .r



Section Xl R-3825-I

(j)

(j)

(j)

())

(j)

arks/NotCfl

---

--- -
Ho

C,u'rent
I (Amperes

on Range (Ohms) Maximum) Volts DC J.em
.-

-- -- -- --
-- -- -- --

I -- -- 0.003 at 5.00 I
l'ge 5.0 vue iO.50
on,
I'

-- -- -- --
-- -- -,. --
-- -- -- --
-- -" 0.003 al 5.00

c 5.0 vde JO.50
e

'I'

-- -- -- --
-- -- -. --
-- -- -- --
-- -- O. 003 ~I 5.00

alve 5.0 vue ,0.50
ten-
de

t, Foe On-Off -- 0.0625 24-32
Posi-

-- -- Cl.003 at 5.00
ve 5.0 vue ,0.50

l'

_.. -- 0.003 at 5.00
5.0 vde ,II. 50

l'

-

Funeliona
Deserlilli

Spare WIre

V Supply> Main
Fuel Valve
Position,
l'otentlomete
5 vde

II Supply, Star
Tank Dlaeha
Valve PoaW
Potentlnlnete
5 vrle

T M('asur~1mpn

Bleed Valve
tion Closed

M Supply, OJd
(\lzerTurhin
Hypass Valv
PosItion,
Pot~l1tiom()tl,;

5 vole

U Supply, Main
Oxldizer Val
l't)slU on,
Potentlomete
5 vue

L Sp:U'e Wire

l' Spare WIre

H II Spare Wir"

S Supply, GaH

I
G,'neralor V
POHlUOIl, Pu
tlt)nl{)tt~r 5 v

G Spare WJre

N Sparf! Wh'fl

.1 &'pare Wlro

K &'pUl'C WIre

COd~
Add 2.:.t:lete _Pin

F

Fir;ure 11-3. Flight Instl'Umentatlon Interface Conneclor PI0? (Sheet 2 of 4)

11-8 Change No.7 - 4 Decmnoor 1969



R-3825-1 ~ecllon XI

~_ ........ ---- ----
Code .It

CurL'ent

Aridj D-clete
( """",MI 0 (Amp,·res

P:~ DescrIption Range (Ohms) Maximum) Volts DC RehllU'ks/Notes
- ---

W Measurement, On··O([ 0.0625 24-32 (i)
A&1 Oxidizer
Valve !'oHttlon,
Upen

X Measnren·.enl. Opon- 5 x 10- 5 o to (j)
Ox1,Uzer Turbine Closed at {) vllc 5.5
Bypass Vulve
I'oul tion,
Po~entiometer

Z McasurelllOJlt, On-Oll 0.0625 24-n (I)
Oxldlzcr Bleed
Valvl' Position,
Closed

a Measurement, On .. O!f 0.0625 ?4- 3? (I)
..

I ',lnln OXlrllz,>r
Va.lve 1'IH,Itl()tl,
Open

b Measur"'ment, On-Oil 0.Ofl25 24-32 (I)
Main Oxidizel'IVuive l'o~ltlon,
Closed

c Men~'Jrf!rncut , On-Orr 0.0625 24-3? (I)
- Sbu't Tank

DI scharge
Valve I'os\ tlon,
Open

'I MCaS\ll'CnHmt, On-off 0.1)625 24-32 (I)
Starl 'I nnk
Discharge
Valve PoultJon,
Close,1

(23) e Meauuremcnt, Open- 5 x 10- 5 o to
Propel1~l\t Closed at 5 vdc 5.5
Utill 7.atlon Vaive
Position Poten-
tiometer

(23) M,eaBurenlen~J Open-
-5 o to Ic 5 )( 10

Mixture Rallo Con- Closed o.t " ,de 5.5
lI'o! Valva Position
Potentiometer

f Spare Wire

.s Measurement., Gas I On··Off 10.0625 24-32

__L..___
(1)

Genarulor Valve
Position, Open ----- -------

Flgllre 11-3. Flight Instrumentation Interface Connector P10'1 (Sheet 3 of 4)
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Bectior Xl: R··3a~5-1

------ -C----·--·-· ~;-_.r1""'·;;;;'-r···--~·_---·--·C<Xle Functio·ltl.1

AlD.l'l~
'J (Amp8rcR

Plu DcscdpUon J(.~nge _~()hm.::~ _M.::'Xii~~l~~~..._:~!~~ r~<:.. _..Rcmark~/~nt~:.- -~---~----
_.- -._~._-

h Me~l:iul'e.ment, Open .. .... l 5:( jO-.) 0 to 5.5 I (j)
MaIn Oxlrll7.e.r Clf'sou tit () vdc
Valvl) l'osltion,

I PolonUometm'
I ,
11 Meae\1t'omOllt, Open- 5" 10- 5 o to L.5 0)

I
start Tank Cloned at 5 vdc
D1sco-.rp;o Valv"
PoniUOll Poten-

I I tl.ometel"

I
I I M€~ij\U'f)lneJit, (I)k On-Off 0.0625 24-32

Matn Filel V~lve
Position Open

I I (m) J\..Ieasur~Hll~nt, On-Off 0.0620 ?4-32 (1)
Main F"e! V'llvc

~
POE;Hion, ClolJeo

n l\tcasurefl\p.nt, on-Ofi

l
0.0625 I 24··32 (I)

I GaE GCil£l';lt())'

Valvo PosWon,
Close!!

I' .~.lf!aou!'cm~nt, Oil':''''' 5 x 10- 5 (} to 5.5 (I)
CaR Generatol' Closed at 5 vdr.
\r~\'VE' PnsJH{lJ)"
Puf (,IlHotnet~r

r Mcanurprnent, Open- 5 x 10-5 0 to 5.5 (I)
l'I.,ln FpcJ Valve GlOBed at 5 vdc

I IT'oe;ltwu, j"oleJ1-
I tio!n",!cr

~...:J b~:~~.~~~ ..J... .._1. l "'--1.-.

Figure 11·3. F)lght lnstr:wJI'nt'\tJon Irte.rfa(:e C(llln~(:tM PW7 (Sheet 4 of 4)

'--c~,;ie-T"''''T-''---------I--'--- RJ--r-- -
~,~.~~. _ .. "~ ..~_~ ~ f'utwliOllll \) C\ll'r,~nt I
And L~:el"::L_~~~ 1~'~:.C1"JPIl~:'._j~IaIl::' _~~~~!Jr._~\m~:creB).~~~.~': ~~,trkB/Not~

, I A Sp;u'e Pin .n._ I .-
n &-pllre PIn I

I r; &).It" () P'l,! I

_J.__ :: _:;~~~:::_.__.. _~:. --:-.L_~::.- __L..:.:..__'__. .__._
Flgt""" 11·4. Fll b}'! 11l.t!·llHleutnUOJl IlIt"l·r.~el! Connector I'IOU ([:h('~! 1 of '/\
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R-3825··1 Se(~tl()n XI

------ ._--- -------_.------
Cude Functional

Ro Current

~dd¥el~,::, PIn Dnscriplion Hange (Ohms) (Amperes) Volts DC Hcmarko/Notes
-------~--_._.-----~ ------- ~---~_.--'--~--

F ~~pape Pin

,
G iVTensllremcnt I

o I 6 8.3:<10- 4 ,<1)-35U toll,25,
start Tunk GUH >10U o F -,6 m~xlmllm

Tcmperah1re,
"A" Sensor,
Sf'nsor Output

H ~/Iea":'ourcmcnt, ~3500t(J 1,256 8.3 l\ 10- 4 (d)
:-Jt:~rt Tank Gas -/100° F ,6 maximum
'l'cmpl:l'atu:tc: t

I "H" Sensor,
Sen.snr Output

I MeaBurement, See Hee If) Ground
f~t(1rt Tnnk Cas pin G. pin G. potcnli:il
TcmpcratuJ'Q

I
HA" Sensor 1

Input COmJl.1On

I
.J hIcaSlll'eJ (1 ent, if) GroundI Sel' Sf'€'

I start Tank Gus pin G. pin G. putentiaI

I I Te:npel'a!urc,

I ";\" Sensor,

I Output Com mon
I
I K 1\1 ('n 31 1r('rn ellt , Sec Sec (f) Ground
I

I
I Stdr{ T"nl~ {;as pin H. pin H. pokntial
I'J Pl11}IrraCllrc I

I I I II" Sf·n~o.c t
,

I ,1JPI"Jt ('VltllJ1(,1l

I
I ~l""",rc"''''Jlt,I

), ~'lC· bee (f) GroulICl
j.)[ ld 'lnnk (~;H; pln H. pin I!. pol('nth,]

I I l(~Jllpl'l·"'·Ul'e}

I
1 'l" , SI·m.or,D

f ht;',l1! (.'fO/;1111011 I
I,

- 3",0' ,01 8.3 :< 10-4

I
M ..\l:'J:"lu'l"'I'ltlenl, 1,256 0.381 I (<:I)

\ f{plLlItH 'f:l1lk G:)~, ,j 00" I- ,6 rnaximUlll maXinll1Jl1j

I I TI'JIlp"l':l.1l' l'G, II:';,-n<,(']' (lufF'!
I

!-I 1\/ ~':Ul ~ll'\ 'm ont t St·c Sc(' (I) Grmllld
OY.lellzl'r PlllllP pin S. pin S. potnntiHl

I
Dlnd'.arg('
TempN'atllre;
"H" ~.el1~or,

,___L. __ TIlHut C(ftlWHJI1 ________L ____________
.---- -"._--~-""- ----

Fil~llr" J j ,.. I. Fll!',ld insfl'Ulllenhtjon Il1fr-r!acl' ('Il11nt')(~tor' 1'108 liiill'£'! 2 of 'I)
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Section XI H-3825-1

-------- --T-'-' Func-~on:;--1 - -~---- --------- -----~------

Code n Cur?t'nt-- -'~'- 0

Add Delete Pin Dl'scripUon ' HHnge (Ohms) (AmJJel'~s) Volts DC flcmarks/Notcs
--_.._----- -------- ----- --_.__._---._-

0 lVIeasur Clnel1t, Sec See (f) Ground
Oxidizer Pump llin S. pin S. potential
Diselmr!!,c
Tcrnperatul'o,
!! 13" Sensor,
Output Comllloe

I> Mcasul'cm(~nt, See t)ce (f) Ground
I Fuel Pump pin V. pin V. potcntiai
nischargn
Temp('rature,
"IV' Sensor,

Iinput CotHmon

ISocH I jl.i'IC'::lsurctn€,nt, Gee (1)) Ground
Fuel Pump pIn \'. I . V potentia]I pLn • IiDisch,uge

II TemprratuT'C,
"13" Sensol , IIOulput Co',)ulIon I

I

S I 1\ifeasUrl'Jnent, -300 0 to 1,256 5. B x 10- 4 0.214 (el)
Oxidi,.er Pump -250(' F 16 ma.ximuJI1 maximum
Discharge
Temperature,
"B" Sensor,
Sens.)r Output

T

u

lvle'Jsurement.
Helium Tnnk
Gas Tcm!JCl~attlre,

!lIput Cem Illon

Mcauurf'Jment,
lIelilim 'falll'
Gas 1 ('lnpcraf.llre 'I
Output C0mmon

See
pin M.

See
pJ" M.

Sec
pin M.

,
ISilO
pin Nt.

(h)

(I)

Gl'OUJ1rl

potentjHl

(J't'OldHi

potenU 1i

V lVleRsurCluent,
Fuel Pun,p
Discharge
'I'elllpprulure,
'In" SeJl~.wr,

Smlsor OutPllt

-425°to 1,256
-400" F l,j6 4.7" 10-:1

maxiJuum
ri.49 ...
" 10"~
maxi Ir lim

(a)

(Jrf'lln J
polen!.,,]

({)Sec
pin!!.

Bee
vi,,!!.

FII~iI'C 11-4.

I w IMoasllrenHmt,
Oxldi;:er l'ullql

J
()J 8clmrgn
'f ~n 1]J('l'utuT t' l

__ __J ;~~;;lt~~~~~:;;~_n__L J__J. .l.. ,__ i.. .

Flight f"stl'umenfn,liol1 Interlace Ctlnnect"r PIOn (Sh,)pt 3 of 7)

11 -] ~ C'''UJI~'' No. '( .. 4 Detumhcr HiG9



H-3825-1 Section XI

-- ----- r-' -----.- ----- -.-.
I'
'0 C\Il'l'cnt

(Ohms) (Amperes) Volts DC

Code '-T---:---
l
-·--'1--- -.--.--

--- :::-1 ..L.' line H>na

Add DCJet~l Pix'~ .__~)eS~rip~)I~ ~angc.

Measm'emcnt, See
Oxidizer Pump pin ~.

Discharge
Tempprature,
"A H SenSOl' ,

Output Common

See
pin !J.

(I) Ground
polenti'l i

Hmnal'ks/Notes

Y Spare Pin

~ Mea8uremenf J

Fuel Pump
DiBcharge

ITemperature,

I"A 11 Sensor,
I Input Common

a MCl!suJ'cl)l(!Jll,
1"",)1 Pump
nis('hal't~c

I Temperature,
"All St:H\sor,
Output Common

Sep. Se"
pIn .r:. pin ~_

See 6tH'
pin g.. pin £.

Ground
potential

Ground
potential

b Measurement,
O"i,Uzer Pump
Discharge
Tcmpc-ratul'o,
itA" Sensor,
Sensol' Output

·300"to 1.2,,(; 7.0" 10- 4
~250c F -t.6 maximum

(eI)

(19)
(?'I))

(18) c 1\1eaf'tlJ'cment,
it'1l!'1 Tl1rhinc
Inlet Temppl'atul'''
Input Common

Bel)
pi 11 5,.

See
pin _~.

(f) Grcmnd
volenti,ll

(18)

(19)
(20)

(19)
(20)

(18)

c Spare Wire'

d Meas1.Jj'('tnent J

Foel Turbin"
Inld Tempera
IIII'C, Output
CUl1l1l10n

See Sec
pin!~. pin!:.

(f) Ground
rot('ntial

(d)

--------------

34.7"iQ-
ma.\lrrlum

-4;J5"to 1,2,,61
-400' F 06

i

__.~ J_.

(19)
(20)

(18) eI Ib'pare WIre

e f.o1ea.~.;ur('ment,

Fuel Pump
Dlsch:,rgc

j
'fcl1lj1f1rnbH'C,
"A" Hf2l1bOr,_L scnGO~_?~'lp\lt_

Fi{:urr' 11-4. Flight Jl1stl'utl1~ntalionInt"l'fac'e Cc,nnec(ol' 1'108 (Sh"et 4 of 7)

Change Nn, 'I - 4 Dec,,'nber 1969 11-·13



Section Xl R-382G-1

Code ~-F:1Clional~-r----'---- ~l-'curren~'--r----I-'------"'------

And Delete Pin._ DeSCril~ion ~_ Ral~ge (Ohlll~~ (A~pelCS)_t VOl~~!~~.I __l_::~:arkH~~~~PS_
(19) (18) f MeasuremeIlt, See Sec I (f) I Ground I
(22) (21) Oxidizer Turbine pin !].1. pin Ill. pr)iClllial

Outlet Tempera- ..-
hire, Input
Common

(18)
(21)

(19)
(22)

(19)
(22)

(18)
(21)

I Spare Wire

Meaf3uremeJlt,
Oxidizer Tur])",e
Outlet Tempera
ture, Output
Common

See
pin .!.~1. Isee

pin .".1.
(f) Ground

potentia1

(18) I (19)
(21) (2~~

~~ ~parp 'Hire

(J 8) (19)
(21) (22)

III -- -- j
------- -_._-

(19)
(20)

(18)

(19)
(20)

(18)

(19)
(20)

(1 A)

(19) I
(n)

(18)

(19)
(20)

(18)

(19)
(20)

(18)

(J 9)
(20)

(l fl)
(21)

h Measurement,
Oxidizer TUl'bine
Iniet Tempel'a-

, lure, input
COlumon

h Spare Wi:--e

1. M""surement,
Oxidi ZCI' TurbinI'
Inlei Tempera
ture, Output
Conllllon

t Spare Wire

k Ivlensuremellt,
Fuel Turbine
Inlet Telllpera
ture, Sensor
Qulpl,l

k bpare Wirc

lH MeasurQJlwl1t,
Oxidizer Tnrhine
Outlet Tpl1ll'era
lure, Hcn!:\ol'
Oulput

Spare Wire

See See
pin E. pin!..

~ec Sec
pinE' pin!..

Ol}to 5012
1,800" t'

0" to 50 ,2
1,000' I'

(f)

(f)

1. 5 x 10-:'<
maximum

1.5 x 10 .. 3
maxlmtlm

Ground
potential

GrOllilcl
potcnli'd

(d)

(d)

11-14
Ylgllre 11-4. I"Ji~llt Instl'umrntation Jnterfac(' COllller;toJ' 1'108 (Shoot" of 7)

Chan!{" No. 7 - 4 J)('('oillher 1969



R- 3825-1

--...._- --.-,------- ------.."---1-
Code R--r-- Functional 0

AddtYO~ Pnill __._ D::_Cl_'i~ion__. _Ra_n~.e_ .. i~J:''!~)

MQaSUrenl(ni, See Sr:.e

I
Thrus! Chamber pin~. pin l~,
,Tackot TeJllpera-
ture No, 1, Input
Common

(~~(~f~)~~~tS) r:,~t-s-~~--
i Ground

pot~lltial

Section Xl

Remarks/Notes

.E Measurement,
Thrust Ch"-llIber
.Jaeket Tempcra-
turo No.1,
Output Common

See
pill ~.

See
pin \1'

(I) Ground
potenlial

(19)
(20)

(18) I l' MeaslJrenH'nt,
Oxidizer Turbine
Inlet Temperature.
Sensor Output

O'to 50 ,2
1,200' F

1. 5 x 10.- 3

rnaximum
(d)

(lIJ) I (19)
(20)

l' Spare Wire

5 Measurement,
T!trllst Chawl)er
.Jacket T~mpera
tUN No.2,
8pnoor Output

t Measurement,
Fuel Injection
1 emrCl'nture,
SpnEJOZ' Output

-425°tll 1,250 4.7 x 10- 3

-I- 100 0 F t6 rnaximum

-425'to 1,256 4.7 x 10- 3
_lOOf) F ..6 maximum

(ct)

(d)

u Mc·asurement,
rhro.'st Ch~",h0r

,Jacket T8t1lpera
lure No. !,
Sensor Output

-425'to 1,250
flOO'}<, ,f)

4.7xlO- J
tnr\ximU111

v IVleasuremcnt J

Thrust ChamlJCr
Jacket Tempera
h ....·e No.2,
Input Common

w MCtHiUreIHC1Jl,
Fupi Injectilln
Tampcralurc,
Input Common

Meamtf€'Jncnt,
Thrusl Chamber
,racket Temprr~
ttl1'~ No, ;" Out
P\1t Cummon

Sce
pin !!..

SOP
pin !..

Reo
pin ?'

Se(~

pillS ~I

Sec
pin !..

See
pin .~,

(I)

(0

(II

Ground
potclltial

(il'Ol1lld

potellliaJ

("jround

potcIIU:11 ['

----_._. ------_.
Fil~lll? 11 .. 4. l'llv,ht Instrumentation Jntcrrnc~ Connedo!' Pl08 (Bhe"t 6 o( 7)

Clwtl[(c No.7 - 4 nccc",hel' 1909 11-15



5~ction Xl

--------- ~-.----------------------- -------
Code _ R
---- Funchonal 0 Current

Add Delete Pi" j)')scription Range (Ohms) (Amperes)
--- ----- - --_..._---- --- ---- .----- ----~._-

y Mca8\1remi'nt, See See If)
- F\lcllnjcction pin t. pin t.

'"l'cmporahll'C, ~ --.
Outjlut Common

Volts DC l~emarks/Notes

Ground
potenUal

Shield Hell,rn

1
Electro- lGround
static potential
~ltieldi"g
current-'-_J_____________ _ .

I'lgurc 11-'1. Flight Instrumentation Interface Connector PHI8 (Sheet 7 (if 'I)

~_I'COcle =r-- ---~~;;:~~~~---- -------J--I-~o----r_;:;urrent ---

Add !)ele~) 1!_I2~~ Dcs:::i.!'~~ (_m_,~~_e __((l~_~:~~L0..:)-'P-~-r::sL __V_ol_tH ~_C_'_

A Command, Fuel I 0.02 maxl- 9-11 pld,

I I Pump 'l'achom eter mum at "t 5,850
Checkout Seconj-· 10 volts J5 cps
;uy Voltar;e Inp\lt p'2ak refer-

encc~ to
pin B

I

I

I

J

I

B

c

D

COlumand, Fue]
Pump Tachometer
Clwekout Second- I
ary Voltage Input

McaHUrcalllf.'nt,
Fuel Pump
Tachometer
Primary Si,",'Tlal
Output

T\lcaSul'cm('nt,
Fuel Pump
TachOlllefel' ,
Primary Sif,'llal
Output

0,000-1
30,UOO

I
rpHl

5,000·
30,000
rpm

0.02 maxi-I
mum at
10 volts
pN.k

r; " 1~-3
"t !; vults
peak Witll

1,000-ohm
load

:, x 10-. 3
at 5 volts
peak with
1,000-ohIl1

10ml

9-11 peak
nt5,850
±5 cps
refer-·
cnced to
pin A

loll peak
at rated
speed
ufnr
flilced tr,
pin D

1-11 peak
at rated
~pr)ed

rder··
(nc('d to
pin C

1/5 x rpm is
frequency oulput
in cps; (g)

1/5 x rpm is
frequency output
tlI cps; (g)

I

11-16

~~ COlllmand, 0.02 ma:d- 9··11 peak
OXJdizcr. Pump mum at at 1,920
Ta('\)()mel~r 10 "OHR ,2 cps

JCItCdCOltt Second- p:::':U( rcfer-

;11~~~Olta~ . -< l~::ll~:e;I_~ _
f'1[("\,rc Ii·ri. Flight lIwtrUlnclltation Inlerfacc Conn~ctor 1'109 (Slle"! 1 of ~)

Clirl1lge No.7 - 4 lJecCl11bN" 1~G9



H-3825-1 Rection XI

1/5 x rpm is
freCjuency output
in cpo; (~)

• ~-~~i-;~-_-(_-:_-~-e-t=er:i :
1
__• I~~l~:-;:-~~-~a-;;--_-_· -,,,",..l~~ ~;;;~J V~"" AC -[:~""I""':

I F Command,Oxi- -- I -- 0.02 maxi- 9-11 "enk1
oizer Pump 'mum at at i, 920
TaehJl,1eler I!O volts ,2 cps
ChecJ<out Second· peale re!cl'l'llCCe!
.try Volt.~gc Input I to pill F.

G Measurement, 1,000- I 5 x iO- 3 1-8 pcmk at
Oxidizer Pump 12,000 at 5 volts rateld speed
Taehmneter 1 rpm peak with referenced
Prim,uy Si~?lnl 1, OOO-nhm to pin If
Output ioad

Ii .Mc~UJUre1l1elltl 1,000· 5 x 10- 3 1-8 l,,:ak at 1/5 ~ rpm is
Ox1di/.el' Pump 12,000 at 5 volt~ rated ~jJced t'requ('l1cy output

Tachometer, rpm peak with referenced in cps; (1;)

IPrimary Sig'lul 1,000-l)hm to pin G
Output loae!

I
J Conunand J Fuel " 02 . I 9-11 peak at'I. • maXl-j

Flowl1lctvr Che,'k- mum at 200 ,0.2 cps
out) Secondary 10 volts

[
rpfercnccd

Volt"gc Inplll peak to pin K

K Command, Fuc1 0.02 maxi- 9-11 peak Ht
Flowmeter Clwck- murn at 200 ,0.2 cps
out, Sceondary 10 volts tcferCll('/2;d

Voltage peak to pill .J

L SllCU'(' Pin

M Sp"re Pin

N Measuremcnt, 1,000- 1 x 10- 3 1- 5 pc\,k al 1.8 pips per
Fu(,l Flm~ liIvtcl' , 10,000 Ht 3 volls i rated How ~al111n nominal:
Primary Signal [-(pm p~ak wilh I refer'enc~d (h) nW.ximulll
Output 3,OOO-e>hm to pill P cllrrellt 0 x 10-3

10,ld [:l.mperns
I(1)

P Mcasuri'lHcnl, 1,000- 1 x 10-3 1- 5 pe~lk al 1. 8 pips per
Fuol Fl owmetnl', 10,00°1 at 3 volts rated n<lW gulloJl nominal;
Pri mary Sib'll"! gpm peak wit.h ref,'rf>llrcd (b) maximum
OUlput 3,000-vhm to pin N CUl'r0nt Gx to -3

load R1Jlpr~rCs

!(I)

H ComJnand, 0.02 1l1Hl"j- 0-11 PCrul
Oxidi "cr F1<'w- )lUIlI} at at 200
meter Ch(,c:~Ol\ . JO vo]~~) -,0 • .2 cpr.

SecOllrlnl'Y Voll- 1 !>erlk l,C"rerl)ncecl

___.__J____ a/5e l:t~_'t____ .____ _____l.
to pill S

---- --_.--_._-_._------~-
rihr\tr'~ 1t· 5. F)j~hl IJl.;tr(lmenlation IntNI"cr Conncct"r PJOU (Shed 2 nr ;1)

Chanr,€ No. 8 - 'I M~y 1n'lo 11-J'I



Sediun XI

Cude

Add Dplcte

H-3B25-1

1
-..----1--- -----..--------

Functional I Ho Curr(,)nt
P'!'::j DcS<:!:!PliOIl 1Ran['e __(Ohms)_ (AlI1p:!_':':.1

S ICOll1mand, Main 0.02 maxi-
Oxidt7er Flow- mum at
ulllter Checkout, 10 volts
Second,H'y Volt- peak
agp Input

Volts AC Hemarl{n/Notcs

9 -11 pe~ik

at 200
,0.2 cps
r.,[prellced
10 pin H

,

T ),.,1eas\U'('Illcnt: 300·· 1 x 10- 3 1- 5 pc'ak at [i.5 pips per
Oxidizer ['low- 4,000 '1t 3 volts ra ted flow gallon nominal:

r meter, Primary !{11m peak v, ith referenced. (h) maximum
I Si gnal Oulvut 3,000-ohm to Vin U cllncnl 6 x 10-3

load ampert.!s
(m)

U Mcasurrmcnt, 300- 1 x 10' 3 1-!j ll(~ay. <It ii. b pips per
Oxidizer Flow- 4,000 al 3 rolts ratt.:!d Om'.' g~11011 nomina];
met.er, Primary fffHll I p('ak with referenced (h) maximum
Sip,nal Oulput 3,000-nhm to pin '1' curl'{'llt 6 " 10,3

load .\mpercs
(m)

V Shield Hetnl'n EJectru- tl'l ()'l.111c1

stati e potentIal

________L.____ shielding;
cUl'rr:lIl-- -~-_. ---- -~------- --------- -----

Ftgurc 11-5. Flight Inslr"lllentall(>tl Inlerfa('p Connector 1'109 (Sheet 3 of 31

.. .... ~~[_._-----
__Co(\('_ Functional

Add Dell!t(l Pm D,;sCl'lption-_.. -- --_.._----_...__..- ._-

A Ground :vlp:,\surp
IJH'nt, FliP! Flrmr •

mctf'r 5i l4md
O"tpul

--r-I\ol~url'!'n-t~2~
J(anb~ I ~)h)mS) 'J~ml'el'(,S) __~)lt& AC Hpmarks INot",

1,000-- --- 1.0 x JO-3 1-5 peak 1.8 pips per
10,000 at 3 volt,; ai l'alcd gallon nUlIlinal;
g]lm pcak with flow r('[pl'- (h)

3,000- OllllL ('llccd to
load pi n B

11- to

n Ground MCaS\Il'(>- 1,000- LOx 10- 3 1- 5 )ll'ak
mrllt, Fu('1 Flo\'.... - JIJ,OOO at 3 volts at I'aled
n1'>hl j' Si~lml gpm peak with IToII' rpler-
OllIJl,,1 3,OOO-olllll ('nced to

load pill A

C Ground Co fIl111 a ml, 0.02 lilaxi- 9-11 llE'ak
£<'u('1 FlowllIPter lUll II I at at 200
Checllnlll. V()lta~~(' 10 volts '0.2 Cp5

Input lwak l'Offl l'mJL:C'd

tu pill f1

]) Gr (lund C{)rl1111and, O. O~ maxi- 9·11 peak
Fuel Flowmeter mum at at 200
Chc('kOllt, Vr)ltngp 10 volts 10.2 cpsl TIlPllt

ppak rpfrrellL:l'd
tf) pin C

--- --'~~------'-
---_. ---- --_._-- --- -~--

Figu)'(' l1-G. FJiI~ht Instnrlllrntatioll Interface Con,wclor ,II lOA

Cha"l(f) No.8 - 7 May 19'/0

1. 8 pips ))('1'

gallon nominal;
(h)

------ _.. lot,



fl-3825-1 Scction XI

5.5 pips per I
fi" \lon noml nul;
(h)

5.5 pips PCl' I
gal1 rJrl nominal;
(h)

flemarks/Notcs

1- 5 pe~lk

at rated
flow refer-
enced to I
piu A

11.0 x 10.. 3

1 at 3 v"lts
I peak wit/;

3,000-ohm
load

--- --------~--.__._-
Ho C\ll'r~nt

\~~~~L (Amp~!::..~s) \ll)lts!,_~__

1.0xlO-3 1-5pcak
at 3 volt~ at r"ted
pcal< with Ilow refer'-
:l,OOI)-ollln elll'oll to
load pi n Il

flange

300
1,000
gpm

300
4,000
gpIll

Ftlnctional
Description

Ground Measnrc
rnent., O:o'idizer
Flowmd0l' Sig-nal
Oulput

Ground r.,,1<w.,sul'e
IUcnt, Oxidizer
Flov...~neter Si bl1al
Odput

B

A

Pin

Code
-A-d-,ITD-e-.l-et~-
--- -----f---j------------

0.02 maxi
mum ut
lO volts
peak

Grotlud Command,
O,l(!izcr Flow
meter Checkout.
Voltage Inpll!.

9-11 peak
al 200.0
'0.2 cps
refereHct'tl
to pin D

Ground comlil~nd'l" II 0.02 maxi- 9-11peal<
Oxidi Zl'f Flow- mum at ttt 200.0
rnct~r C!w('kout, 10 voJt~ '0.02 cp'
Voltage Input }l('ak rcfer(lJ1('f'd

to pill C
----_•• 0- _~_______ _ •

F\gllre 11-'1. Fli~ht Instrumentation Interlace COllllcdol' HilA

C

------~~ - ._~~--~~~----_._-_._- ---T---- ~----- ._._---- ---------
Code Functional Ho Curr~nt

Add Delete Pin D{'s(~ri.IJtion Han~~o I (Ohms) (Anlpcres) Volts DC HplHarks INoV!'s
--~...- ._._- .._. --_ ......_--_ .. ---- -----I ..._-- -------- .._---_._- .

A S"ppl V, Auxiliary 1. 41 maxi- 24 .. 32 BU,'if,pd to ('nn-
[lisf f llllleJltati!JH I In 1IJl1 nc('tor PHi",

I Package, 28 vdc

12. ;j2 maxi-

piil U. I

I B Supply, Auxi Hnry Ground Bussed to con-
I n~trun lentation mUIH pntc.'1l0al nrdor P154,

IPaf'luee, ?oB vdc pin ~.

n~tUJ'll

C b)lare Wire HUHf::ed to COI1-
tl('ctor P154,
pin N.

J) Supply, Auxiliary 0.1 max] .. (;round HUE sed to (·on·
Tnst ['\1111 ell fa ti 011 lll\llll potential !wdol' P15'1,
Packar.;f>, 5 vdc pin T. IHctul'll

(6) E PrplRlllleh Hr'Hter Not used
1'owcr

(6) J'; ~P~I~~.~Vi~~ L~_ _ _
Figurr, 11-8. Flil~h[lll"tl'llmentaliJlJ1lnterfn'·"C"nll('c[or 1'153 (fJlI('('t 1 or 2)

Change No.7 .. 4 !)cccmb·,,· 1969 11-J9



Section XI

Code

AcId~~~te
I

(6)

R-38~5-1

-._- --- Funeli~,~~----r------ ~-:- --c-:/.-:n-t-
T
---- t-------

Pin DeSc~!!~:'j_o_n~_ IIH,:,::!,:e.._(~_J_In_l_S_) _!~~'_p_e_r~"_s~__ ~,:,lls ~~__ Hemar~sZ~oles.
F Pre1aundl Heater _. Not used

RetUln I
F Spare Wil'C' r

(6)

(6)

G Flight Heater
Power

G Spare Wire

Not used

(6)

(!l)

II

11

.J

K

L

M

N

l'

Flight n"ater
Return

Spare WIre

S!n1rc Wire

Spare Wire

Spare Pin

Not u';ed

I

I

I
I

__ J . _
Flb'ure 0.-8. Flighl Ir.8trumentation Interface Connector P15.1 (Sheel 2 of 2)

Spal e Wil'e

Helllark,,/Not~"

C Command, 1'0;,
Dummy PI eSsure
Trausdueer P.O
Percent CaJihra
lion and Checlcout
Voltage Inout

D Spare Wil-e

To; Spare Wire

F' Spare Wire I

l; _ L~p<lr~II'~ .J ~~__.L_=- L_.__
I

.1. 1 . _

(1-20

Fib'll!"!] j 1-9. Flight lnstnll11PntaHnn Interfa.c p Connec(0,., 1'154 (Sheet 1 of S)



_...--~ - .__._--......... _. ~'---

---~------f--'--"---

R-3825-I

-1C
2.

de
- FuncUonal Ro Cur~ent

Add Delete Pin Description Range (Ohms) (Amperes)
-.- --_. - ------------. --+-----1-

H Command, PI9G --
Dummy TraJ1S-
dllcel', 20-Percent
Calibration, Volt..
age Input

Volts DC

S,,~tlon Xf

Remarks/Notes

Dummy

J Measurement,
P195 Dummy
'T'ransrhlcer,
Signal Ot:tput

K Comllw.nd, P196
Dummy Trans ..
ducer, DO-Percent
Callbr' ion, Volt
ago Input

L M:ctJ..,,:.urcmcllt,
P196 Dummy
rrrallsctuCCl' ,
Si£:nalOutput

M Measur':ment,
P197 Dummy
Transducer,
Signal Output

N &'parc Wire

Dnmmy

f)unir.ny

DUlnmy

Dummy

J)umrry

DtUllmy

Dllmmy

I3u~sed to connec
tor P153, pin C.

(23) P Cnmma"d, MRCV 0.048 21 .. "./ (b) pin V; (e)
Inlell'ressure ma.xhnlUl1
AO-:Percent

-'- 1.• Cl~lllrat~:.. .I . , . _
Figure 11-9. FlIghl Jl1slrUlnontutlO/l Intedace (;o>1neclol' 1'1Ij4 (Sheet 2 (,f Ri

(23)

(23)

o Command, PU
Valve Inlet Pres
sure, 20-Percent
C:alibntlon,
Vo\ta5;e Input

o Command, MHCV
In1<·t Pressure
2')-PlJrcent
CaHllratlon

P Command, PU
Valve Inlet Pres
sure, HO-Pprcent
Calibration,
Voltage Input

0.018
maxImum

0.018
maxlmum

0.0413
ma",lmHw

2·1-· 3?

24-32

24-32

(a) pin V; (e)

(a) pIn V; (e)

,ll) pIn V; (e)

I

I
Challf,o llo. 11 • 25 r,lay 1071 11-21



Sllct!on Xl H-3R25-1

--_.._-
~ ----,---- ._---~Coda RoF'ullclion..'ll Curl-ent

Add Delete ::~ "" DeSCr1Ption~~ge (Oluns) (Amperes) Volts DC Remarks/Notes
-- - ._-----

Q Command, P1S6 i -- -- Dummy
Dummy '1'rans-
ducer, 20-Percent
Callbrallon,
Voltage Input

R Command, P197 Dummy
Dummy Trans-
ducer, 20- Percent
Callb,rallon,
Voltage Input

S Command, P197 Dummy
Dummy Tralls-
ducl'r, 80- Percent
Calibration,
Voltage Inpllt

'1' Supply, Auxtllary O.l Ground Bussed to
Inslr.umentatl on mlUlmuM pot8nllal conneclor P153,
Pac:mge, 5 vdc pIn D.
Power flelw'n
Redundant

U Supply, AuxiUary 1.44 24-32 Buss.!d to
Instrumentation maximum connector PI 53,
Paekage, 26 vdc phi A.
Power (Hedundant)

(4) V Measllrmllent, Pl1 0-- (5.0 ;D.l) 0-5 (c)
Valva Inl',! Pres- 1,000 x 10-5 at
Bure, Signal Output pala 5 vde

(4) (23) V Measurement, Pl1 0- (5.0 ±j).1) 0-5 (r.)
Vlllv" Wet Pres- 1,500 Ix 10-5 at
sure, SIgnal Output psla 1\ vdc

I (23) V MesHurement, 0- (5.0 :to. 1) 0-5 (c)
MIteV Inlel 1,5C10 x 10-5 at
Pressure psla 5 vde

(23) W Maasm"emenl, PU 0-500 (5.0 ,zO.t) 0-5 (e)
Valve Outlet Prell- pl!liR x 10- 5 at
pure, Signal Output 5 vde

I (23) W Measurement, C-500 (5.0 ;D.l) 0-5 (c)
M RCV Outlet p~la )( 10-5 at
Pressure 5 vde

-_.__._- _.----
Figure 11-11. FlIbhl rnatruiIlcntall(111InterlaCA Conneclr,r P154 (Sheet 3 0/ U)

11·22 Chnngo No. l.1 • 211 May 19'11



R-3825-1 Section Xl

I

I

(a) pin W: (e)

(h) pt., W: (e)

(b) pill W; (e)

(a) pin W; (p)

24-32

24-32

1

24
-

32

O,04lJ
maximum

0.048
m~.ximum

0.048
maximum

0.048
maxhnuL'

---.------ ----------y--- ----------
no Current

(Ohms) (AmllQl'es) VOltfl DC Remal'ks/Nole~

Command, PU
Valve Outlet
Prp,ssurp.,
20 ·Percent
Cali1Jr~~tioI1,
Volta[(e Input

ICor:llHand,
MRCY Outlet

) l l 1'€f,SUI'e

20-P~rccilt

CalilJl'ation

ComnHmd, PI)
ValvfJ Outlet
PreSfJUre. ,
8(l··~erc~nt

C"lI1,ratioll,
I VuUag" InjJul

y ICornrnnlld,
MHCV Qulll't
Pressure,
80-P,;rcent
Calibration

(23} I X

(23) I y

(23)

-__-C_Ccl="-_._- --r,I--------,
... . Functional

Description
-~_.. ---- -_.

(23) X

I

F'lgurt II· O. F'ltght lnstrumentatl lil1 Interlace COlUlCclor Pl54 (Sheet 3A of 8)

(a) pl',~; (e)24-320.048
maximum

I

__ -l ~_l _
I

Z Command, Ga~J

GIJIJsr?(or Oxi
dizer Injoction
Pressure,
20··P,,"0.ont

I
CaHhr2.tion,
Voltal;e Input

__J __J . _

Change No. 11 - 25 May 1971 11-22A/II-22B



H -:JB2:,·! Sretloll XI

I
BHS~Jnd to con
necto!' 1'153,
!Jin Il.

firOllllC
p()~entialmax'illlUJll

t::pare Wi"l.'O

Supply) Au,.111al'y
In stJ'Hlller.tation
P" elmr,c, 213 vel!'
'Powc\' H(·turn
(lh,dllnd"nt I

h

__~c~-;;~-r---l---~ U!1ctiOlla;---I------- ----ll-\l---r--CU~~:l-(-r -~----------
!-:~~~._!. D('~~r:...~~Pill. _.~_ ~~::'-i~~~~ti().::.__~tH:~~~_~~~!'i'(Amppl'f's!-. V01b DC __ReJn~~ksi~otes_

:' COlllmand, (ias I -- ,-- 10.048 24-32 (b) pill £; (0)
(iPIH'l'fltot Oxi- I I mayJl1lUHl I
dizcr lnjc('tlon I
!JreHS\ll'(', 80 ~

P{'rt'ullt (;aHhnl" I,
UOIl, Vultage I
11l)1ut I

I

I
I

fl I r;omrIHllld. Jk'~lt
I l~x('Latlror (lxi

dizl'J" Inlet J'I'CS

ii\Il'C, 20-l'el't'e.Jl
CDllbratinn,
Vol~ Ig(l IllPUt

O.C48
m.HximUll1

( [71 d I SlHJ1'" Wil 0

(17)
I (h)pin!2':: (e)e I CllmltIa\ld~ Heal 0.1)48 24·,12

f.·;'{c}mllgc\, Oxi- maximum I
{UZ(~l' llllc't Pi (·SM

sure. 80- !)(I\'efml

ICal.ilH'aU OI',
, V()J~.1g!:! iupl1l
!

(17) I ~~p[\rt~ \Vlre

(5) 19\

I

(:()mlnal~d! ilF2 0.048 24· :l? (a) pin '-,; (P)
PrLs:surn, 20- Illar.illllllll I
Perc( lIi Cull bra-,

IliO;" V"lI~gc
11lput

~ !j) (9) ! C'ollllJl:1nd, m'·, DUnImy

I "u;'p~,L\lrl', 21) -
I PC'l'<;('Ht C:1libJ'a-

I I t~ OJ! , VljHagr

I

fnl)Ht

(il) (;{lIllll t,Jnd, lJpJl'..HI1 0.0'1B 24-:l? (,,) pin .'!,; (e)

'ranK l'r0'f;,~;\ll'P, ll·;ndntillll Ij I "'-"N"'" ",h-hruU"r" (Iledlll rlont)

.__.___ 1.____-V,.lt"ge Illput___. _______ L__,_. ____ ..__________
---_. --- --. -- - _.---._._- - .-_.------~-

Hgul'l'11 .. 9, I' JlI~ht InA!l'lIn"mt"tlrJ!l lnl<:rf"ec Conn",'\or .l'!~1 (~hr('( '\ of 8)

ChHn"c No. , .. 1 ne':em),N 1~6!J



Scctiem XI R·382fJ-l

I

~=--C;~de --- -- Fll~:~I-~nal--r---r It" l~urr~:-l-~---I---------
!,d(~ .!)elel e I'ln _.!2~·i!..C:_i~tion !~l."!£:__~Ohms) .~AmlJ('res!._I.2.oltS.!?l:: Hemarks/Noteo

(5) (9) £. Command, HF?, I·- 0.048 24-32 (b) pill !.!; (el
Pl'eSSUl'c J 00- maxi rUUfl1

Percent Calibra-
tiOIl, Vcltage
Input.

(!il ~ Command, IlF2
I Pressure TranG

dUCC1'1 nO-IJcrcrmt
Calibration, Volt·
age Input

DUlllmy

(9) ~. Command, Heliul" O.01fJ 24~32 (a) pin !~; (el

I
Tonk Pl'C'SSUl'(l, nl(Jximulll
80-ppreenl Cali-
IJJ'~ll'ior', (Redun-
dant) V(lH~jr.(\ I1I!;Jut

I
(4) It IMcaollrPlllcnt, Gab 0- (S.O O~t> (c)

Generator Oxidizel' 1,000 r -,0.1\ x
Injection Preo8Ul'c: poia 1.0- J at
BignellOulput 5 vdl'

(41 l, Mea suremcnt, G.lS O- r (~.I) 0-;; (eJ
Gpncralor Oxhlii'Cl' 1,500 oO.lj X

Injection Pr.e5~urc, psia 10-·J al
8i gnul Oulpnl 5 vdc

I 1 Cummand, G[ff-; 0.0,j8 24-32 (al pin !~; (e)
Gcnerato-r FUf?l maxirnnlll
I llj cetion Pl'esoul'c,
20- Pe!'ccnt Ca li.-
In'ation, Voltage
Input

k Command, G::lS O.O,!! 2·j - 32 (Il) pin!'.; (e)
Gpncl'ator Fud Jll~{><.1,wln)

Illj{,l'~lon 1'1'CSStll'{',
flO- !)m'('ent C.1l! ~

hratirm, Volt:~~~n

InpHt

(4)(1'IJ III I\h-' f\f-;HreHWnf , Heat 0- (!j •0 ON~ (e)
ExcJlanl~(lr Oxl<liz(>l' 1J 000 ,0.11 x
lnlc>t Prr?f;~;llrp I , j1B1~ 10 -5 at
S; [(nal Outpt:! I ;, nlc,

(-j 1 In ;\lc'.\t-;ll1·emptlt, lI<:nt 0- (;'. (J 0-0 (e)
l'~x(, h.t age t' ()xldi 7,cr 1,500 ~(J J \ 'l(

__J__I_...
. "inlet P)'CC;S\II'P, psia 10 ." at

Si!~n"J OnlpHI I _1._____ _~~~.___L_____.L____.__._

l.. i~,llJ'() JI-O. j.'li(~hl Illstl'tl1l1pntatioJ) {nh'rfaf'(' C01Plf?clot' 1'154 (Shett ;, "r 8)

11-2·)



(5)

(9)
(12)

(9)
(13)

(5) (9)

(0)

Measurement,
HF2 PreHsure,
Sign",lOutput

n !\IIeatJOrcmenl,
H }<'2 Pressure,
SigmllOutput

n rvJe~u1l..Jl'ement,

H"liull' Tank
PrCfJSUl'e,
(Ecdulldalll)
~,n ~tlal 01l~put

II ;\1 (ldPJrAlllcnt,

[{ellum Trmk
Pre::;::;ure,
(Hedundant)
Signa 1 O"tpu!

H-3n25-1

0
1,000
psia

D.lI11Il1Y

0
3,500
pgja

0
3,000
psia

(5, a
10.1) x
10.. 5 "'I
[) vde

(5.0
iO. VX
10-" at
5 vc!c

(~.O

'0. 1) x
10-:' at
5 vde

0-5

0-5

I (J. 5

(e)

Dummy

(e)

~vleasur€:nl ent,
A\JxlHary In,;lru··
nJ ''''ntatiutl Pac!{Hg""
Tpnljlf;.r.'Rtur0,

Input Comllloll

(f)

r

JIllp.as1ll'cmfJnt,
Auxlllary l"~tru

menwlion Package
Temperature,
Output Comm<lll

MeaSlI)'(Hnrnl,
Auxlllary \nst1'll
i11CUlaUOl1 Package
TomlJN'ntuT 0,
Sellr~o.l' OutPllt

Sen
pin ::.

~jlSe

pin E.

_aOO"
to
+200'J F

See
pin E..

200
:!:-'

(f)

I
I
I

I

I
I

1.5xlO-:J i
maximum l

I

Uronnd
pot,-,nl i" 1

Ground
pol~n(i31

0-
1, flOO
I'bla

____..1 .. ... .

s M pn c.:ureHlcnt"
(,af' (i-':'Iw("p.tr'l'

1"ul?l Injcclinll
PI'('f)s\ln', Sitrllu]
Output

(0) Conwlalltl, Oxi-
<Ii "'t· P'JIll!' Ile?)'- I ,
inl,', C:u(Jlanl Prr;.;·

j
~Ul f!, 21J··Pcr';~II\

.__.____ ,_,I_.~~~~~~~\~~;:'~ L L__.__.

(';.0
·,0, ~ x
10"'> al
!l vdr~

0.0" '
Til M-.i rn llln

O· 5

24,1,
I

FI""",,, JI-9. l'lli\lit InfJlr"tl,(·"talion Inl~l'fa('p Conll,)d,,1' PI:"; (Slipet U or fJ)

Chang" No, 'I - -; J)~c('lnbel' ,%~



Spdion XI R-3U25-1

-----.--1.--1.--------- .-- ..._-"--~~--_._--- -------_.
Cude v t' I H C I_~_.__ .___ __ J:unc lona 0 url'en

':~~I IJp~cto Pin .__!)_:~cl'1p~lon " _~:'~l~:' ._ (Ohlll~'l) . (Ampnl'us) _Vol_~:"DC__Hem'.'.rks/Not:~.

(0) t Command, Engine -- -- 0.048 24-32 (b) pIn y; (0)

I
-Start Tank Pres - mg)(( mum .-

sure, 20- Perc!'n!
Calibration,I (H~dundant) Volt-
ag(~ ~nput

(0)

I

(9) u

u

Command, Oxi
(lj zer Pump
Bearing Coolant
Pressure, 80
Percent Calibra
tion, Voltage
Inpnt

I
Com'nand, Engine
f)wrt Tr,nk Pro,t;
~ure, 80- Pel'cent
Calibration,
(Hec!nndant\
Voltage Input

0.048
J maximum

0.048
111 ~ '{i "111 In

24-32

21-32

(b) pin y; (0)

(b) ptn 1:; (e)

0.048
maximum

(0.0
,0. -\! x
to- ,J at
5 vdc

v rvIeaSlIl'Clnent, 0-30
Oxidlr.er Pump pGia

I Primary Seal
Cavity Pressure
Trallsc!ucC',r 8i gnal
Output

w I Command, Oxi-• d\zor Pump
Primary Seal
Cavity Pressure,
20-Pc,'cent Cali-
bration, Voltage
Inp\'t

x CommalJd, OX]-..
dbcr !"IIllP
P J'im:try Sc~l1

Cavity Pressure,
80-1'('1'cenl Cali-
"n,tlon, VullRge
Input

I
I 0.048
I maximum

0-5

24-32

24-32.

(c)

(a) pin X; (e)

(b) pin x.; (PJ

_____ L__.I ._

(9) "j Me"slIren",,,t.,

j
Oxid\Lnr Pump
Bearing Coojant
l'1'f;SHllffJ, Si~~IH1.1

O'lll'u\

..__..._- - - ------_.-----

0-500
psia

(5.0
,0.1) x
10-!' pJ

5 vd('

0-5 (e)

Figure 11-f!. Flight rllstI'tl)J1~,Jl.\ti()11 Intcrfaee Conncdo.r PJ5·j (bh(>ct t, 01' H)



H-3025-1

----- -'~I---------'--l---Code ___. I' ",,,,tilllla]
Add IJclr)~c PLl Dt:F;criptioil Hangc
.~-- -------- --~-- --------------- ~---

(9) Y Measuremont. 0-
(14) - Engino Start Tank 1,500

PresslI!'(' (He- psia
dUlIllant), S!t~JaI

Output

H

"(Ohms)
C\l1TC'nt

(Amrens)

(5,0
,0.1) x
10.. 5 at
5 vdc

,------1--
Volts DC

0-5

H('lllarks/Noten

(e)

(0)
(H;)

¥ MeaH\ll'ement,
gngine start Tank
PrcfJsurc (Ho-·

I
duudantl. Sil\l1<1l

IOutput

z Sill eld llnturn

o-
S, [,Oa
psia

(5.0
to,l.2 x
10-" <It
f) vde

1')) ectl'o
shltie
Hhielding
currpnt

0-5

Gl'uUlld
potential

k)

-'----- -- .---------_._-- ----_...- ---'----
!'ig\lre 1I-J, ,'lll~ht Iuslrllment<\tioll Intel'!ace ConlLeel"l' 1'154 (Sheet 0 of 0)

A(I(
-l (:~(-clel' ote Pill'-r----IF)"e~~lc~I~II:I(-,nt'I,a(;,-, .----- -I\.--l Currenl "1---1"--
_~_ --t---.------- R.'lng: ~)IHn::., (AII~~~':'~__ Volts Dci_~lemal'ks/N()feS

A Spare Wil'" -- -- --- I

B Spare Wh'o

0, J)4fJ 2'1-32 (b) pill }~: (0)

___J=""] ._. I

I

I

I
___1_--_-

C Spare Wire

D ISpare Wil'c

'[1~ I Mea surl;~ment ~
II Oxielizer Turbine
Inlet Pressurc,

! Bigu,ll Output

F COnlmanc1, O;,d~

cD .... or 'rurbi ne
Inlet PrPf.:H:H1l'o.
~O· }l('l'l"Clit

t a llhl'ntl on ,
Vult~tgc Input

(i C(JmmulI[l, Oxl
(li Zi?:r 'l'\ll'hinc
Iulet f'l'flf';S ,1 t'e,
80- f\.'rcenl.
('a I ihl':1tio" l

V'.•Har;e !,'put

,)- 200
psi"

(5.0
·0. 1) x
11)-5,,(
5 veil'

0,048
maximum

0-5 ie)

Ii

Fh:'UI'C 11-10, Fllr,iJt Illntl'II1llentat!ofl h,t"J'f;IC'e ['onnccb,' Pb5 (Sileet 1 of 4)

11··?'1



,')eellon Xl [(·3820 .. 1

Code ~I--'--.-- r~-----l ' 1------- ...-.
____ .___ J'IIIlChUllal 0 C\llTC'llt

_~d(~.3~ p~~ 11 __!~::<;Cl~~l'tiO_"_I ~~ngv JOIU~~" (Amperes) -.-:'olt~ l~~. _ HeJ:.:nrl~:~::'otes_
(4) III r-lenslIJ'emont, 0- (5,,0 0-5 (e)

i Main Fuullnjec- 1,000 \0.1) x
lion PreSSHl'e, psia 10- 5 at
SI[.'1l:l1 Output 5 "de

(4) II Measurcment,
Main Jo'u('llnjec
tlon PresAul'e,
Sibr1Uti Output

,T Spare Wil'('

0-
1,500
psia

(5.0
10.1) ~:

10- 5 at
5 vdc

0-5 (l' )

I

I

K

L

M

iVlmH~urempnt,

Oxidiz('r T\ll'hirte
Ol1tlet l'rossurfl,
SiglIn! Oulput I

( :() III flJ 1m rl } II

Oxidi~er Turbine
Ou11et Pr(~flSl1rC,

20 .. Percc",t Cali - I

bmtioll, Voltage II

input

Command, Oxl
cii "~Cl' Turhine
Oulld Pl'essu1'e,
80- Percent CaL·
hration, VoltaKe
lnput

0-100
p&ln

I,

I

(5.0
10.1) x
10- 5 at
5 vclc

I 0.01B
maximum

I 0.048
maxlmul1t

0.. S

21 ·32

24-32

(c)

(n) pin 1'.; (0)

(h) pin K; (c)

I___._._~..l ._,~ _

I

I

N ComlllHnd, Main
Fuel Injection
PreRsur,'. 20
Percent Cali~)ra··

I
tion, V,'Hap;e

i Input

'II P I C"H1Ill:1lld, r-Iain
I'nel Injection
l'l'uBsurc, 80
Peru·nt. Cali bra-

I lion, VoUagc
I Input

I (4.) I Q McaSlIrellH'llt,
IMain OxiclJ 7.cr

I I IInjection PI'N,-
I .3\11'11, RJ['t1:'l

._l__.l __.J.~~t!~_"t _

0-
1,nOO
p,ia

1
0 • 048

I ma.xiltHl11l

I
I

0,048
Hlaximum

(5.0
-,0. 1) ~:

10- 5 al
5 "de

I 24-32

24-32

0-5

(3) pin H; (e)

(b) pi n If; (e)

(c)

11-28

l'i;:,UI'C l1-1 fl. Fl1g"lll1~.tl'ull1el1talioJ'j!lfCl'facc Connector 1'1,,5 (£hcet 2 of 4)

C/':iny,c NIJ. 7 -- 4 fle(;('H,lJel' 1UW!



fJo('liou Xl

H MeaRUr(ll11ent,
Engine l{()gulatol'
Outlet Pressure,
i:)il~la: Olliput

0-750
psia

(5.0
10, t) X

to- l, al
:, ~dc

0-5 (e)

S COJnmanct; En
gi ne negulatol'
Olltlcl Prcssurc,

1

20 -1'croont
Calihl'ation,
Volt~r." lnpu!

I 0.018
maximum

?4·a2 (a) pin H; (e)
I

~I ConHllllnd, J~ll-

gino HegllJator

I
Outlct Prc~s\\l'<),

BO- "ereont
Cau oration,

i V"Jtae;c lnpd

I
l UI COllll11alid, ~lalll

I Oxidlzor (nj~etu'

I Pressure, ?,().

I rel'~enl Ca libra-
lion, Vnlt'tf," I

I ,,,pul I
V COllllH;lI,d, :vlalll

()J:idi~"r Injec!ol' ,
Pl'€SSUJ.'P 1 80

l'"rcPlIl CaU ..
braHon, VOlt~lg('

Jupnt

0.048
mn...'Cimulll

0.048
maxi Illum

0.048
maxi nHlfl,

24-32 (1)) pin H: (p)

(a) pin Q: (e)

(1)) ptn Q; (e)

I

I

I

W I\lcasur(~nwnt,

J-'1I 0 I I'll IIIP
Hahwcf! Pi:;Vm
C~.vHy Pr'cH .;urc J

f;igllalOutpnt

o-
J ,000
Fsirl

(0. I)

1).1) "
(()- 5 al
5 vdc

O· 5

Ii
(nl pin W: (~)24- 12

1

- 1 __.__._-

X ClImmrlnd, 1"\:c~

J"ullllI U:llnnro
FARtl)1l Cavity
Prt)ft""lr(~, 1.0 ..
I'er{'{\nl C21,'H'a· I
flOIl, Vnltngc I '
Jujl111 J

-,---------- ------ ------.
fi,~uJ-(' 11,10. flJr,hlln,;lt'mll'",lnli'JlI Int"rlaco ConllPctol' j>1~,5 (Shpe! 3 or·1)

____J _

l1-ZU



Sectinn X{ H-382G-l

24-32 (b) pin W; (e)

------ ----

ClIlTt'l1t
(Ampcre,;)

0.048
rnaximum

H
11

(Ohms)

Sparr Pin

Command, F'lie!
Pump Balance
Piston C,lvity
Pressure, 80
Pel'cellt Calibra
tlOIl, Volla!lB Input

l' UflCtiUIlU 1
lJesel'ipl i Oil

-1--

7.

Figure 11-10. Vlil,ht l,\slrumentalinn Jntcl'fac,' Conne'c!ol' 1'155 (Shed 4 of 4)

---~.-_. ----r-.--- ----- ------- ----~........-_---

Code
F'unet1onal I H" C'lI.f'l'C'Ht

Ae~~-Ddele Pin DN;cription HlInge (OhmH) (Alllpcl'l's) Volts VC Hcmal'k("; /NotoEi
------- -_._----- --_. ._----- ----- ---------

A ,. p'"pare In I ~- --

B Spare Pin I
C Spare Pin I

ID MOf[SUrenlellt, Se(' See if) G, ound
Oxidizer Bleed I pin W. pin W. potential
Valve Tempera· IbJl'c, I'B" I

Senso!' , I nll11 t I
Common I

F. Measurement)

I
SC(l See (f) Ground

Ox; eli zer BIped pin W. pin W. potential
Valve '!'PlTlppra- I
hn'!.: "}111 I

If; en ,:'jJ' , (Ju ,put I
Cn1111l1011

Ground
Jl'JfcnliaJ

Gruund
potenHal

If)

(f)St:e
pin X.

Sec
pin X.

[-;(1')

pi" ;.(.

Sec
pill X.

I
I

pG) I

(iG) ~. flcasurcmenl,
IIC';It i;'~ch8il{rer

I Oxirl;,,')' Outlet
T(lJ1)prtat 1Jr c,
"H" f,f;l1firJA' j

fnFut Common

F ISpare Wire

(10) (i J"'I'~"HUrU'"enl,

U'.'tlt E"<J'h,tl1:;;er
O,;((i z"r Outlet
'I elnperi-lhll'I~,
"Jj" SmHJOT,
Out, lJ( COlli lilon

(101 _.__J~~! Spare Wir_u ..__:~_l_=-=_,_.._~~__....J._~.:_. __..__L _
Fi~J;Ul'(1 11-11. Flight JII'.trumcl1tati()r111Itf.'!'f~1f'('Connerlof IJ] ~G (SlJN't I (Jl H}

Ch,llll:l! NIl. 'I - 4 J)pc<."nbrr HHW



f{.·3H2:,·1 S, "tion ;,1

--------- ---- ------- ------------r-'--Code F\lllCfi,)Jlal
[{

CUl'l'pnt~~_._-- ._--- ()

Ad,! J)eld~ Pin J>l'scl'iption i HangC' (Ohms) (AII\I'~""sJ Volts nc Ifenl:lrks/Notps
---- -----_.- .__.._----- _._-_._-- .._------ ._~_ .._--_.. ------ --- ._---

("16) II l\1casul'cm put, Sec S(!{-~ (I) Ground
lIeat ~~xchang~r pill Y, pill Y. potenti" I
Oxidizer Outlet
Temperature,
tlA" Sensor
Input Common

(16) H Spare Wire

(If) ,J Menflurf~ment , Sec Se~ (f) Ground
Ht'at Exehang('l' pin Y. ii!n Y, potential
Oxidb:er Outl ct
Tern}lcrnhu'c,
"A" Sensor,
Output Common

(l6) ,1 Spare Wirl'

K I Moa::iul"nmpnt, l~c(' S~0 (II Ground
fuel Bleed pin 1:. pin :6. potentia}
Val ve TptnpN'U~

I
lure, "A"
Sel1b(J.L , input

I
Commun

I
], Nkasurem0nt, SC0 Set" (I) Gruupd

I F'u,.. l nleed piB Z. pin {,. pot('ntinl

I ' \:~-h'(> Tcmpera-

I
ture, 1I,A ..

S('tlR01", O\ltput
Comnwll I

I
I

9.1 >: 10- 2M i ~,..I('asur('mont, _425 0 1,256 14.7XI0-31 (rl)

I
I Fuel Ble,,,i Valve to -,6 maximllJl1 II'\a:dnHllll

Te!llp~rature, -320'"

I
"R'l St:"IlRor.
Srllr50r Ol1tput

I, N Mell Slll"cment, SCP f:l~e (I; Gr(ll~nc1

,.:ll f''1~1 Pump I,i 11 _,:. pin ~. potential
B,'aring Coo}tll1t
Tcmpf'rah1 re,
Input COmmUI\

(;n (2) (0) I N Spare Wire

(2) N MpilSUl'I.'lll('ltt, f;c(' SflC (0 Ground
Thrust CiJ:lI11hcr pin .~. pJn !::. pntpHlla1
31dn Trmptrn-
hll'(' No. 2,
lq~i.lt CommlJn ____ 1______---- ---- --~_. -_..~------- _._-_.- ------_. _._---_.._--

1';i£I'"" 11-1~, FIi~~hl fItH{rUIl1,l'nlaUoll fllit'rfnce CUllIlCrrol' PI ~)(; tSIH..,pt 2 or 0)

ChanfjC No. 7 - 4 D"c"mli,'l' 19GH 11 .. 31



Scctioll Xl

·-·---r-~- '-C~~~l-t- ------ --

.:.'al1P;:...I,_(Ohlll':~ (Allll'~',I'PS) .":.':~':"'D~__Hcm'l1 k~/r:.0tps

Se, Sec (I) Ground
pin ". pi~ <:.. potenau)

------g~------'Code ",__ ._. r' netlOJlal
Add ,!.1cl:.t~ ['in n"scripl\on

(8) N Mc;wurcment,
I Main O~ddizln~

Valve Housing
Temperature,
Input COIll mon

(2)(3) P M('aSUrclllcnt,
(8) Fuel Pump

Dearing Coolalit
Tempcralul'(l,
Illput Com trlOll

Src
pin .~.

I
I

SH'
pin .~.

I

(f) Gt'()ulld

potential

(3)

(2)

(H)

(2)(8) P Spare Wlro

P Measurement.,
Thrust ChambpI'
Skin Temperature
No.2, Olltput
Common

P MC:JsurenwJ1.t,

I
Mal n Oxidlze,r
Valvc Housing

I Tempel'atllre,
, Output Com 1110'1

Sec
pin ~.'

SeC'
pin £..

See
pill ;C'

S('E;

pIn ~

(f)

(I)

Grou'ld
pote'ltial

I
I Ground
I potential

(11) Q S/lHl'C WIre

(11)

(11) I

(11) I

Q Return, sta rt
Tank Emergency

, Vent

!
H I SPM'" Wire

r; ISpare Wil'('

S ICommand start
Tank F~mergcncy

V'~l1t

3.0
rr: axi n',um

3.0
maximurn

Grounlt
potential.

24-3! (k)

(2)(8)

T Spar f] Wi re

U Span' Wh'e

'I.Ox 10-';
IHHximulll

(0)

lJ-J2

hgtlJ'(' 11-11. flight IHall'lIlIlenl'nll"n t"t"rr""c C"nl,eeto)' Pl"G (Sh"ct 3 of 6)

et"ttlge. No, '/ - 4 Ilr'''l'lllhel' 106:'1



H-3825-1 Scdton XI

Code

Adtli'j;c1£,1;:--- ----

(2)

I

I
(8) V MeasureJllt:nt,

Main Oxl(UzL'r
Valve Closing
Control Lln~

I
T~lllp€ )'ature,
Sen SOl' Ootput

_300° 100
to 12
,100° F

~:,lxlO'3
maximum

(dl

W MCaSUl'PIlHmt,
O;ddlwl' BJe,'d
Valve Tpmpcra
hl.l:c, "B"
Sensor, t~cns()r

()'J'])\ll
:

_300°
to
_250o~,

1,258
f8

7.0,,10 .. 4
ma...'((lllum

(rl)

(d)

(,n

0.292
maximum

0,OxlO- 4
maXillll1111

9.0 x 10- 4
Jna)';imUIlI

425
~2

425
12

_200"
to
,500°F I

Spare Wire

MpaSUfPrn,;nt,
Heai t:;<challger
Oxidizer ()ull"t
Temperature,
"D Il S(>J1s0r,
Sensor Outpm

X ISpare Wire

y I M~asul'emf:nt,
I, Heal Exc!l:lngcl'

OxldJ ZCl Outlet
Temperaturp,
"A" Hensor,
SCnb()1' Oulput

x

(16)

(10)

( Hi)

(1m

i
-42!r' I
to r

-375" F

I__~_L_. __.. _

(<I)

GrrH.. mJ
flOTential

(I)

4,7): 10,3
mnXlml1fl1

1,258
t6

See
pill M.

~ I N!"asurcn1wt,
Funl Bked
Val V(~ Tempera·
hll'c, "A"
Sensor, SCnS(ll'

I
Output

a :'\'tt'~lr,U}'('mrnt,

I\'cl Bleed Valve
T(omp~ta lure,
"B" S('hf;qr,

tnllllt COB,moll
•._-----__.__.. 1 .

11-33



S('cUon Xl H-:J825-1

r------
Cmk

Athl Delelr;
V'll\(' tional

Pin Description

R
"(Olm",)

Curren!
(Amperes) Volt~ DC Hpf)\~l'i(s/N()tI'8--- ---_.--~- ----- ----------

b Mea~':llrCl1lent,

j>'u~l m"Ni V~lve

TfJmpC'J'ature,
111-3 11 Sensor,
Output Common

See Sec
pin M, pin M.

(f) Ground
potc·ltfj (11

(2) (3)
(8)

c MCk-suremcnt,
FocI Pump Real"
In!; Temperature,
S'msor Output

.. 425" I I, 250
to J6
_325" F

I

4.7 x 10- 3
maX1.mUIll

(<I )

(3)

(2)

(2) (8) I C

e

ISpare Wir\,

I
l'VleaSUrpJ1IUl1t,

Thrust Challtb~r

Skin Tmllporabu'e .
No.2, Sensor I
Output

I
Ivif':lHU7.'E'mcn t,
Main Oxidizer
Val\'~ Ilou"il1!(
'Tem()erature,
S('nso1' Output

.. 42fO
to
+108"\"

I
-:lOU' I
10
flOO"FI

I

1,2:'6
,6

100
12

1,7:<10«
rnaxiJllUl1'

2,1 x 10-:;
maximum

(a)

(d)

Ground
potential

Ground
potcu'.ia!

Gro-.mel
poll'lllial

Ground
potcnti :.d

(I i

(f)

(fi

Sell
pill V,

Sec
plIl V.

I
MeaBucemen1., I Sec See
Thrust C'JldJUber I pjn \7. I IJlll V.

I
SkIn Temperature I
~o_ 1, Input

I ('om mOil I
IMcns'lreuIl1ni: See R(I(~

IvIa.in OXldb~~~L' p1n v. I pill V.
Valve ClfJf:ing I
Conlxo) Une

I Ten1llcrn hlrt1
, !IInput Corllmon I

M,'aBlII'en'pnt, Sen I s, e I (I,

Oxl<ji 7,Cl' IlI",,,l pin \". 'rI" V, j I
Vil.]VfI rJ'(\1l111'~ll:1 ~ I

hn'c, "A" ';C11eor, I I
_ ~~utll\~=::~ , ...1 -.1 _.. .._. _

e

cl I Spare Wire

Measurempnt,
Oxidizet' BlN:d
Valve Tmnpcru'""'

I
hIre "A"
SbJlS'Ur, Input
Com l110n

1

~2)

(2, (8)

I

I (2) (lj)

(A)

(2)

1'11~)'(' 1t-l1. rUght Ulntl'1l1ncntaUon Illt~'Jorf~H'(\ CorJHcdor PUh) (WH'el Gqf 6)

11" ·3'. Cltalll:C N'), 'I .. 1 DCPl'mb"t' )\)69



H- 382 ,,-·1 Secti"n XI

Add Dell-It' J in

(il'(lund

potontial
(J)

-- FlIIICl\mw~-~- ----··-I-·I{~-,-I-;;~~~~'~l~--I 1- --
__P'~"~I:!..l'li:,~\__ !bl~l~1~~'2'.::J_ .LAm IWl'I.'S) _"'-'~~_ j)r::_I_~:'l~\'.'!:kS/N:)lI.'S

l\!O:lMll elHcnt, ::lee Sec ~f) Grollnd
Thrnsl Chand,er IJln v, pin V. I potl.'nllHl
Skin Trmperatul'f'
No.1, Output I I
C0Jllm(JJl I
McaSl1l'enH1nt) ~e(' I Sc('
Main Oxidizer pill V- I pin V.
Valve Clo~jnr~

Control Li ne
Tcmperalure,
Output Cum 111011

f

f

(8) I

(21

h

I ".l:!

See Spe

}lin J~' pin~.

i

I___. L.__

(eli

Crrymd
potC'ntlal

(In;u,l(.1

p(Jt~ntlal

(j1'{l~lnd

po1enti'd
([)

(f)

EJcetl'O
static
shil'l,Ung
current

7,0 x 10- 4
mtl::-.i 111 11111

,Loire
pin ~g.

See
ll·n 1[..

_:300°
lo I

·250' "I
I

1\1('1';] fill rrn 1ent,
Ox!cUZPl' Plll1lP
Hearing Coohni
Tr:lliP erat lire,
Smwor Ou tpn t

MpasuI't.;Jn('nl,
Oxidize']' Pump
Ht'al'ill~~ loohlnt
'J'ett1.pnl'a(ur c,
OlltJmt C(JIl1IJlOIl

1. Measurement,
Oxidizer Pump
Beal il1(( Coolnnt

J 'J'E:l)npcrnfl1I f'.

I
Input Commo!1

k I Sp,nc Wire1 III ~hiel(1 n,)IUC1.

__ _L_J .__
Fi((Ul"O 11-11. FlIp,hl !J1!,lrume"t:ltioll Interface COlUlrrto1' Pl.iO (SiJo.Gt 6 of 6)

~i~i~~;0.~i-, in1 ~- ~;:~~Y~:~ll - [~~~l~~~-l ~:::l\~)1 ~~~:~~;;,~ilL; _~~~~ ;(~~l~~lO~::~~;~~~:~-~
r I /" ~1f'asul'ell1f'lll, I 0" to I -. l -- NSB C'ir· 01'ou,,:I,,(\

I
I U'"'lS (;l.)Il(·r t l1or 1,8(10°1' ('vial' 5nt, jUlICtillll

I ()veI - '!'l'llllH?l'a- 'j ahlr 1'1

I
hll't: 'I'1J~rrl1(J·-
('rr,Jph:', Alum!.:'l
Uutput

lOCI to
I ,BOO" d

I

B 1\leab\u'f'l11ent,
r"U{ GenCl":ltOl'

I \.'i ('1'-";'eJ:l(}('l'n··

1
1-'1'" T!l"1'1ll0
(:o\lr,l~ J Chl'ome:l
()\ltp"t---- ._-----_..__.,---- -_.--

NFJS (,i1'""

['ib!' 5Gl,
"l'al,]2 1'I

-- .1 - __ .

(;round('d
jllnetjoll

11-3',



Section Xl H-.182[J··l

..... -.. _._--_ ...--._--------..----_.-
((1) Applir;alj('lll O( ".'()lta~~(' 011 thi:-; pin produc(>s I'll electrical simulaliull causiJll~ all output on Ihe

rp{preHl'('c1 P\1l 1illtt lH efluiv.l1enL t(l 18· 22 pen.·C'nl of the full-scale pressure pitH; applied pres·
suX'c. Tht1 puwer reqllil'clIH'llls for tlns drcuit nlH1'Jt not CXC('Nt l. btl watts 0,/(11' ttw volttWc
l'an!(" of 24-~2 vdC'.

(b) Appli~ahon of vljlta~p Ull l!llb pip produce~ an Plcdl'ical Himulalioll cauHing an o\ltpul (Ill the
l'efprcnc(;d pin that Is equivn!t'nt to 78-82 pCl'c('nl of the rull··scale pre.s~\Ire phIs appli(lrl
preSSlll e. 'fhe power 1"equil'(]ments fot' this cireuit mllst Hol ex(,t'cd L 54 walt~ ovC'r U1C
voltage rango of 24-32 vdc.

(c) (J)('letmll

(el) 'l'he maximnlll current "pel. flod is Umt e"rrpnt that will mtnimize sE'lf-hpatlng of the sensor
at the' lowel.' end of the tf.'ll1p('rahu (' l'ange. The maXimUll1 voltagE.' sp(1cifipd i~ that voltar,c
that will mlllimi7.c self-healing of the ~ensol' ttl the upper end of '.he tem)HlJ'atul'l:' l'anr',e.

(c) During t:IC "iJrr; condlti lll1, the :ca1{ar:(l i'ltn th,s pin must bC' lc!-)s than 50 Illl.croamppl'es . nto a
i 5,000 ·ohlll load.

(fj The ('urrenl b'dance for the thrE'e wires of the tellljJ('ra'nre transducer shrJ'.lld he "uch lhal the
line rr!fli.slHtlLP i!. not madc a siglllfieant part of the lliea:31u'pnu'r.t.

(g) 1,OOO-nhm ]o~d 1't,('ommCtlclNl,

(h) 3, OOO··()Iun load rct:omnJen(1rd.

(;) Power rcqui"ed ;'y the valve switehps is dependent on stage circuitry.

(j) Voitai'c ratioc, Ill,,"t be u5ed \(. determinc' potentiometer pos;!ion

putelltiomet er ,-,utlmt H,ltS
Voltage ratio:: ------..---.- --potentiometer input v,-,!t&

Any \'olt..'lgc clrop between the pnwcr supply Hnd the en~r:inl' Intcl'facc mu&l he acc:oullteci for in
ddermining the potentiomeler Input volls.

(k) 32 vdc nJa,r.1mum at init ial application for a perind not to exceed 60 sf>r.nnds; ripple volta[;'J
nol to exct'ed. J. 1 vnlh; pC'ak. Thf::: JllftxinlUtll v()1t~H~~ h'fll1Qj(\nt Itrnit~.; nl\lAt t,e r i,O· voit r'lr·itiYP

puis," wtth ~ time wld'h ,,! 10 microseconds 'Utd a repetition rare of <!O epG. .

(I) 011 STI staf(C enfllneG ti", output wave fvnn at eonHeetOl' 1'-109, !Jlns P ['IlU N, wlth pill r.; as
reference must consist of a negative going putiJC followl)d )mmediately by a positive going plll~,-',

tiUell that the peak of th(;" 11egative Pl1J5P is ctH1n(Jcff.!({ to iill.; p'lflk of thf2 pCH-:itivn pUlSE by all
aptll· ...ximat" straight 11110 'Jf posill~'e 8101'0. (3e," figUle 1l·1'IA.)

~m) On 811 Hlag-e e<lgines the outPllt wave LJrm at connector l'~lO!), pin:') U anc1 T, with nill T as
l'P[prencp mU8t cilnsigt of a n~gaUv" r,oing p'Ul~",{- fill!owcd immcdiat,:;ly 1,I.r <1 po:·dLlvC' g(,iJ1~

/Julse, such thp.( the lJ"ak of thp ne~"'tive pulse Is eonnecled to th" !Jo<Jk of the pusltive puJc,l'
by ail appro.,imat" str<JIght Hue of positive SLOp". (Sec ft[!Ur0 11-17;\.)

"Figuro 11-13. NotCFi [rJl" JJl~tl'ur. untutioll Intprface Cnnll(>C'tors

ll·:W ChalJge No. !l - 'I MOlY lWIO



/{-J82b·.j

____ !~~~~. }~~e<'liVl:':'!"-Y -1

C'_"_d_l'-I_I~l'odl~_e_lion t Hctl'ofi_l__ ECT'

(1) .J-~HO allli .- .J2-405
Sllhf..f'quPl1t

MD

23'1

Sedion xl

-------------

____ 1J{~ncriphon o( ~;:l<\n~_

DO!<'les l'cduudant InHlrUlllenta
Uon hOlwPs (G(;l).

(2)

(3)

(4)

(0)

(7)

(8)

('1)

,1-2031, ,)--2042, .12-415
and .) -2011

,) -2000 :\11(1 .12-421
snlmcq\lcl\l

,J-20(j0 allcl ,12-4·1\i
Hubsclluont

,1 -2000 unci .J2 -451
:H,bscqucnt

,1 -·2103 and
Ml!>t,eclucnt

,1··2000 nnd ,)2·408
sub~eq'INll

J·,21O,j ulld .12-523
subHequent

.1-2028, .1-2035, ,/2-527
,'-2038, ,/-2010,
.1-2041, and
,/-2010

,[·-202D, .1-202B, ,12-5~4

und ,1-2030

•1-2031, ,)-2035,
.1-2040, ,) - 2041,
.I -2042, .1-2043,
.1-2044, .1-2040,
.1-2057, and
.1-2058

,1-2025

~wo

1'12

172

172

20G

172

248

2G8

~09

270

Adds thrust ehallllwl' sk~11

lelllp"l'alut'l' transdu('p!'H (CS2
and CS2H).

J)elcte'H luel turbOI'Ullll' he-al'lll[\
lemperatut'e (PST1).

JnCl'p:lS('h range of fJ1'OSHUl'(,

tt'and'I(','rH (C 1"2, C03, GO 5.
no 1, 1'03, alld 1'08,

Delt,tes hydrogen tapoff outlet
pl"'''SI ,,) (IlF2).

lloletpH hl'ntel'S from llwtl'u
mentation p:u.'kagps.

Llcletes fuel tUl'hOplllllplnt"r
st.,ge pre3~1l'.·e tl'ansducor
(PFII) .

Add" MOV hOlI"lnf, and MO\"
closing control Unp tcmpol'a
turl' St'IlsorH.

Adds rl.~dtlHdant IIPll\lIH and
st:H't tank pr"H~llr(' t,'alls
(hIeN' H•

, . J

,)-20nO, ,1-20D2,
,1-2000 th"olll!h

,1- 2070, ,1-20'IJ 'J
.1-· 207 5 tlu'OUI!h
,J -20'17, lind
,) -2079 through
,)-2.13'1

.-- ._--

21>2

l-'JgUl'e 11-1,j. E'lwne Effec!lvity for Instrumentation Interface COnnectol's (Sheet 1 of 4)

Change No.7 - 4 neel'lUber 1960



Section XI l\··3H25-1

-L-"J-,-!e-' -P-,.:I-\~:-I~~_::e_.l'~~f.\C_ti_,ri_II;;)I._r;;_I_jl_-f_-_E~_C_:1_)' -~-'-~-,:_:--l
(9) ,1··20:38, .1-204:;, """
(conI) .J-20·19, .1·2050,

.1-20:;1, .J-20Ii:l,
,T-20[i4, ,1-20f;:"
'll1d ,)·-20GD

De::;eription of Chnng'c

I (10)

(11)

J-2138 and
sUhsequent

.1-21<15 and
~illhscqll('11t

,)-2033, ,1-2036,
,1 .. 2037, J-2039,
.1-2040, .1-2048,
."·2052, and
.1-2050

.J ·,20'11

.J ·2025, .1··20:13, .12- 61 G
,J-2054, .1-2095,
and .) -2103

.1-2033, .1-2045, .J2-624

.J -2049, .1 -2051,
J-2053, J .. 20fib,
J-2050, ,1-2071,
and J-2073

Onc enginc In··
cOl'(Jorntln~ 1':C J'
J2-547 (MD?.~!)

,I - 2000 Ihro"1(h
,I -20'10, "-2075
thro"gh .1-207'1,
,1-20"0, .1-20Bl,
,1-2091, J ·2094,
,J-2101, ,1-2119,
and J-2122

J-2045, J-2051,
.1-2053, J-2055,
al'd .J-2059

313

314

315

303
31B'

310

317

320

342

l"'ovldcs lor low-ran~c

thrust chamber IH'e~:HHll'f'

Jncnsul'etncnt~

Adds slart tank OlllCl'[{Oncy
vent valve.

,1-2045, .)-2049,
.J-2051, J-2053,
J-2055, .1-20[;9,
J -2060 IhroUI(h
J-2070, .1-2075
through J - 2077 ,
J-2080, J-2001,
.J-2001, J-2101,
,1-2110, and
,J-2122

351

Figure 11-14. gn[linc Effot'tlvity for 1nRtrumcntation l'ltcrfacc Connct'tol's (Shnet 2 of 4)

11- 38 Changc No. '/ - ·1 Dcccmbcr 1069



R··3625-1 Section ),,'1

un

JI1

t

ves
gil1l'll

I

un~

-
Ellglne Elfectlvlty

Produdlon Helrolil ECP MD Descdpllon of Chang~
-

,I-203~-1, .I-2046, 320 nud 351
) J-205u. ,T-~0(j2, -,-10 kit,

J-2U79, ,)·,2062
throul:h ,) -2090,
,)-2092, ,1-2093,
,1- 209 5 thl'\l\lgh
,1-2IUO, ,1·2102
t1mHLgh ,J ,2116,
.1-2121, ,1-2123
through J-2130,
and ,1-2132
through ,J-2144

(Seo 00(10 9.) (Sml code 9.) J2·,594 268, 269, Inslnlls 0-3,500 pAin helt
2'1(j, -:nrtL tallK l1rcssure IrR.1Rrlucer,
alIa 3n '_.-

(Ree code 9,) (Seo code 9.) J2· 511'1 282, 313, InHt.alls 0- 5,000 P",:' holh
ana 3'[5" tallk pressure tralls,hleer

(Sec code 9.) (See corle 9. \ J2-594 26U, 269, Insl.alls 0-1,500 p,;la star
and 2"i'iY- tank pI'essure transducer

(See code 9.) (See code 9.) J2-594 282, 296. Installs 0-3,500 psia star
'3n,314, tank prefJBUre trtInsducer
and 3T5-

.- ,J-2025, J -2027, .12-320 100 Adds cover plate. (nemo
J-2031, J-2033, -- tranFducer HOT2 Irom 011

J-10042, ,1-2046, assigned 10 SIVD stage.)
J-2046, J-2052, ,J-2054, ,1-2056,
J-2062, ,J-2071, IJ-2073, ,)-2079,
,1-2083, ,J-2087,
J-2(lDl, ,1-2094,
J-2095, J-2101,
J-2013, J-2119,
J-2122, J-2124,
J-2134, J-2138,
J-2142. J-2145,
J-2146, J-2150,
J-2152, J-2154,
and J.2155

.,. J-2025, ,1-2027, J2-293 105 Adds helium IJl'Csslll'lz~t1(

J-2031, ,1-2033,
.--

line. (D<'1clcs no1. )
,J. 2034, J. 2042,
J-2046, J-2048,
J-2052, ,J-2054,
and J-2056

- -----_.-_._------ '---

(1'1)

(13)

(14i

Code

(15)

(16)

(11)
Ir 0111

(12)

FiguI'e 11-14. Engine Effectivity for Instrumentation Interface Connectors (Sheet 3 0.( 4)

Change No.7 - 4 December 1969 11-39



Secilon Xl H-~~825-1

------.- F,ngiile'Ellert:lvlty-
Corle Production Hntrollt F;CP MD Dracrlptlon of Cluu.ge---
(1'1) J-2000, J-2002, J2-428 104 Chauges helium heat exchan[(cr
(conl) J-20'll, .1-20'/3, pressure requlremente, (EI-

J-2070, J-20B3, lecHvly the same 8S F:Cl'
.1-2087, .1-2091, J2·293)
./-2094, .1-2095,
.1-2101, .1-2103,
.,-2110, .1-2122,
,1··2124, ,1-2134,
J-2138, .1-2142,
.1-2145, .1-2148,
.1-2150, .1-2152,
.1-2154, anll
.1-2155

(18) J-2104 .12-588 283 Changes temperatul e ll'and-
through ducerB. (HepInces old-part-
.1-2139 number transducers for TGTl,

1'0'1'3, alld 1'01'4 with dummy
ll'll.lIsduccrs. )

(19) ,1-2104 through 274 CIuUlgca teml'eralul'c tralls-
.1-2127, .1-2133, ducere. (Heplacos dUlllmy
.1-2134, anll transducers with 1I0W-Pll.l't-
.1-2137 number transducers Cor 'l'OTl,

TO'J'3, Illld TO'r4.)

(20) .1-2140 .I-2128 tl1.rollgh 355 Changes temperature trans-
and .1-2130, ,1-2132, ducers • (Replaces dummy
SUbsequent .1-2135, ,1,·2136, transdu('ers (rotroflt) or In-

J-21S8, Rlld &:al!s (production) new-put-
.1-2130 number transducers for TOTI

and 1'01'3; leaves dummy
transducer InBtallrd for TG'N.)

(21) .1··2028, J'··2084 3D5 Changes t~mperaturo trans-
thre ugh .I ··20&0, ducers. (Hcplaccs {unctioual
.J-2088 throullh tr~nsducer for 1'G1'4 wl,th
J -2090, ,J ··2092, dummy Iransducer aftor
,J ,·2093, "-2096 MD274 change (cod~ 19) I1."lS

th!'ollgh ,J -2100, beC'llaCeompli [;hed.)
.1-2102, J-2104
tl1.rough ,1-2118,
J-2121, J-2123,
Rlld ,r-2125
tl1.rough J-2127

(22) .1-2140, .1-2143, 274 Changes temperature trans-
J-2146, and ducerR. (Replaces dummy
.1-2152 transducer wllh new-part-

number transducer for 'l'G1'4
a{ter MD355 chnrwe (cod~ 20)
has oJcn-a<:compllshed.)

I (23) J-20S6-1, .12-689 ,;Jf!2,!71 Im'orpor.atlon of two pos!lton
.1-2039-1, J-2046

,__J.
mixture ratio control valve,

and subsequent
-_._-~

-----~----

Figure 11-14. Engine Effectivity for Instrumentation Intcl'face Connoctors (Sheet 4 of 4)

11-40 Change No. 11 - 25 May 1971
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liltl
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P.e

T,,_
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Enl

[_ Re_

Rc_

[_ En[

[_ Re]

Re]

En{

En i

En[:

En_

Engine Flg_we _1-.15. Engine Instrumentation Tap Location _ehemattc (Sheet 1 of 2)
Cha,-e No. 7 - 4 December ]969 11-41 11-42



F:ectiuH Xl 11-382b 1

11·42

ncmoved On enginIJs incorjJ(>raling MIlIQ!~ or MlilQ<I. chang£'

HOllloved un ..ngine, incol'porating 1I1f)237 dmlOg"

Two lir.es Iced to[(ether on engines Incol'p,Jl'ating ~1D237 channe

nenlOVe(\ on rngines incol'jlo!'alinl; MD.l:12 0\' MD20G ('hnnrw

HNlllndant inslJ'lllllf'ntaLion added on ,,,,g1I1es IllClll'p<lJ'atil1g M1l200, MJ~21J2, Ml~!Jr" 1I1ll.:!.1},
'a' Mf!..315 rjlan~o _._..

Hen!uved 011 ell~jncs ifl('()rlHH'atin~~ MI,2:J3 change

n"mo\'cd (In engine:; inC')\'ll"l'alinl\ ~lJ)2{j2 c1",nl~"

Engines h'('ol'pOl'aUnl( MD2.0Q cilange

Removed on engines locorjlo,'allng MJ)~OQ change

Removed On engines ilH:orporalin[( MD!7~_ chango

I,nglnes Ineorpor,lling MrA~1l7, Mr~_2.a, MD320, MD3}!!., or MlXl31 chan"e

Engines incOrpol'atlnl( M~~ or M~44 chanf(e but not lnC011)Orating M[)~~J chanl\"

Enrr1ncs not ir",nrp0l'atinl; MJ)2_~~ 01' Mn355 ehange

Enj(ines incorporating MJJli'1. change
-------

Fip.nrc 11-1~. r.lll{inc Inslrlllllt'lllation Tap Locatioll Schematic (mwC't 2 ur 2)

Change No. 7 - 4 Der.f'mbel' 1909



R-3825-1 Sectlon XI

--~-----1-------,------
__c:.h:Ulg_~__Cod~ Tap IIlst rnmenUttlon Electrical
Add (J<>Icte Paramol"r Codl' System Conneet"l'
---- ----

PIlESSUHE
Thrust chamber fuel eFl Acreptanee test

inlet manifold
r.laln fud inj.'ctioll CF2 Auxiliary fllf:ht .J184

(a) Malll fuel inj ('etion CF2 (IeI'd) Stage test
(a) Main fuel injecU"1l (;1"2a &1agl' tenl

Tlll'usl chamber cot Primary fllgtll .1137
(Il) Thru_t oh'lInh.or COl (teed) StagH lCBt

(h) Thrust chamool' cot (teed) l'l'lmary flight ,J141
Thrust chamber COb Stage and accl'ptance

tostn
Matll ,Ixidlzer C03 Auxiliary flight ,11.93

illjt1d,oll
Main oxidIzer ('03a AI- ,optallcl' lest

lnjl'ction
GO fuel Injector GF4 Auxlllary flll;ht J182

and purge line
GG fuel Inj(,(ltol' Cf4 (teed) Sta[~e test

ancl purge linl'
(a) GO chamber Gut Primary fllr,ht .1138
,a) <iG chambel' OOla stn!!,c teRt

GO oxidize,' G05 Auxiliary fIll(ht .HBI
lnjl'ctor alld purge
line

GO o.ddlzer G05 (teed) Stage teat
In) ector and purge
line

(I' Hcll Hydrogen tapoff OlUet HF2 Auxiliary fllUht JI8'/
(e) Heat (!xchanf,er HOI Auxiliary flight J18H

oxidizer Inlet
(f) ASI chamber IGI StaKe and ncceptancp

teAts
lIellum tank NNI Primary flight ,Jl39
lie lium tank NNI (teed) St~\!~O test

(el) Helium tank NNI (teed) AuxlH al' y fIlf;h! J18'/
(redundant)

Helium rel;ulator NN2 Auxiliary tllUh! ,J [83
oull.,t

Hellum regulator NN2 (teed) i>1a{lC test
oullet

Fuel turbopump PP.2 stage and acceptance
dlschal'ge tests

----_._-----------------

(a)
(b)
(c)
(Ii)
(0 )
(I)

EnglnJb tncorporatlng M0237 change
Env,lncs tncol'poratlnf, MD3"OO or MD304 chanf(c
Engines lncorpC'ratlng MD172 or MDWii change
~;ngtnoH Incorporating MD~9. MD:lliT,- M1)296, MD313. MW 14.. 01' MI~.!~ chanl:\e
gnglnes Incorporatlng MD!(1) or Mljf94 cha.nie ---
r~nr.lnes IncorporatinG Mlf@ or .M6.§!~ chnnp.;{'

Figure tt-lfl, Engtne lnstrumentatton LI~t (Sheet I of 6)

Change No. 12· 18 October 1972 11·43



Settion Xl

_~L~niI.~l)d2

Add Delote

,-----._-

n-3825-1

'l'll?
Code

-_._-_...--",
lnhtl'umenlallon

Sy~tem

El!!r.trir·al
COllllCctOI'-_._- ------ -------------- _._------

I'IU;1:i1:iUlm (eont)
Fuel tLlrbopllmp PF3 Plimary fltghl J 13f,

di2Chl4rp.e
~'uel turhopuillp 1'1"4 Aceeplanel'tcRt

hal,mel" plstun ea vtty
Fuellurhopu"'jJ }'F5 Auxiliary flight ,I 1f!4

balance piston cavity
FuP! turbopump I'I'G (h::><l) stal\e tl'sl

b".lane(\ pistorl ca vit)'
(b)(g) Fllel turbopun"l) 1'F'0 Auxiliary tll,"hl Jl41

interRlage
Flwl t\1l'l1opumjl PF7 H&D tellt

pl'lmary s"al
(a) Oxidizer tLll'bupump P02 &1:tg(' au" aeu'planee

tlischal'f~(' tos{u
Oxldl?oer lurbopump P03 Primary fII!(ht ,1130

dlscharl(e
(n) OxiaJ?oc I' turl1cpullljl 1'03 (tced) Shge and aceeplan(,,,

dlsel,argl' I"sts
O.xldlzer turl10pump 1'06 Auxlllary fltl~ht ,HOO

primary I\('al
OxldlzN' tUl'bopump p06 (t('('d) stage tesl

pJ'imary seal
(el) Oxldiz<'l' tUl'bopump PO'I Auxllli\ry f11"ht ,1100

beal'lng ('uol""t
(d) ()xlt1!zer turl1cpump 1'07 (teed) stag" te~l

bearing coolll"t
I'U valve Inlet 1'08 AUXiliary llll\ht J185
I'll vllive o"tlet 1'09 Auxlllary night J10l
1>\art '.ilnK TF1 1'1'Imill'y fllghl Jl40
Sfart tanl< TFl (leed) Stage tnst

(d) starl tilnk Tlo'1 (leed) AU}'l1lary llIght ,1190
(red\l\1dant)

(n) ~'lCl lUI"bint' inlet 'I'GI. ACl"wlane(' te~l

(a)(h) FucllllI'hlne inlet 'fal Prlmal'y lIlght ,1138
(a)!h) 1'11C1ltll'hln" Inlet TOl (tend) still:e ~os,

(I) Fllel turhine Inlet 'l'G1a Aceeptan<:e It'nt
~'uellurhine ,'xhaullt TG2 Accepwncc "'RI
Oxidiz",' turblnc Inlet TG3 .l\.lL,<il\ary IUv,hl ,Ti9?
Oxidizer turhitw 1'G4 Auxlllllry flight J186

exhllusl
Oxldlz~t· turbine TG4 (teed) sti\ge tesl
t~xhnust

(:1)0) 01'BV inlet 1'Gtl St~g(' tCBt.
Fucl turbopump TGI0 H&O test

tm'hlne Ileal

(Il) g.ii:j·nc;'-"lri,;Qiliomlinl\ MJ)«~1 clmllt:e

1
1'g,,'j (';nf~Jr"," i!leorporutln£!, Mm~();j. or Mt"'l_~d chanrre

En(\im,s ir,cOl'l)())::llllll\ M\.l26~, Mn~Q~, MJ1,~ll.li, MD~.1~, MI:~n~I., <>1' Mn;Ll,,§ change
Engines ii1corporatjn[~ ·MI~~_~~a change

(h) OrigInal 1'(;1 tap Is ronmyc(l, und now TGI tqp \u at fOI'nH'r TOT.!b tap location,
(1) Englnf!S inr.,jeporatlne; Mnp6. <:han(\e
0) ~ngtnes Ineol'})orating IVID22G chanr;e

.._~_._-----------_.- ........._~..........__._......._--_.
11-41

Figure 11-16, Engine Instrul':.entatlon J,.lot (Sheet 2 of 6)
Change No, 'I - 4 Decemb'1r 1969



It- 3825-1 Section XI

-------- ,.~- --- ----~-------------
~~I~~~~~.- Tap ~H!-Jt tUJlIclltaf ion Electrlca I
luld /)"I"t., ParanH~lflr C(J{lu Systul1l CCll1n'y'C'tor-_.. ----_.__. ---------- - ----- ------------- .

'fEMl'EllJl'fUHE
]\l'11n fuel inJcc1iun CFT2 Primary flight and Hla~'l' J 131

test (If)

I(l) Main fuel injectioll Cl'T2a PriJllary flight anel ~itilge .122
t('fJt

Tllru.",l chamher eS1 Primary flight ,112~

jaek('l No. 1
Thrusl .. ham!>",' eSla I'l'im,ny flll:hl and stage .1130

jaekrt No. 2 t (, r,t (k)
(n' ) Thru:-lt "hamhpl' Hklll CS2 Primary flUht ,J 1(j~

No. t
(rn) Thl'\Ist ('!lam}J('l' skill eS2a Auxiliary flight .I1t11

No. 2
,i'lIPI 1J1eflf! valve l;t"l'1 Pri Bllll'Y flight aNI l'ita~~l' ,I15B

tCHt in)
Fn('\ tUl'blnr inlet GG'I'l Aecoptanco te~jt .I1t1O

(GG ovcrlempera-
tUI"')

(m)(o) UXidi Z('r bl"NI va lve <>0'1'2 Primary flight and {,tage .1159
test (n)

(0) MOV closing control Primary fl11:ht aud sl'll,e .1159
Jilw test

(a) Ileal l'xcllanl~('l' IIG'f2 H&D and accepta""e tetit
(p) HC'at ('xch....wgcr 110'1'2 Auxiliary fli~~ht and ~Ia~e ,11~;7

oxidizer Olltlot test (n)
(x) ASl file I Injectlon IFT1 Acceptance test

Helium tanl< NNTI Primary fiif(ht .1122
Fuel turbopumjl Pl"T1 Primary flight and stap;e .T124

discharge test (n)
(a) Fuel turlJopllmp PF'T1a H&D and acceptance test

dischar!\e
Oxidizl'r turhopump POT3 Primary flir,ht and staf(e .J 125
di~chal'ge tf!st (n)

Oxidiul' turbopl1ll1)) 1'01'4 Auxiliary flir~ht and staHc ,1\62
hearing '~oolant lest (k)

(m)(o) FUf,l turiJojlulll)) pS1'l Auxiliary flight and stag£' .JlG 1
('I) IJC!arillf~ teat (k)

(0) MOV hOIl:,ing Auxiliary flight alld stage ,1101
tcst

Start tank TFTI Primary flight and stage ,112:1
test (n)

(a) Engines inCOrpOH\ling MD237 change
(I<) 1"l1(~ht ol'lc!rlr.al harnoss is remov( ,and drag-in harness connected to obt3in f\atic-test

nwasuromcnt.
fl) T~ngines incorporating MD262 change
(m) EIII,ines incorporating MD200 change
(n) nnal-f!l0mcnt (ransdl1cer; ';)f;lge-tCf,t electrical signal at vehicle patch-panel
(0) E,":in fJs incorjloral1ng M1l248 chanl,"
(p) EngiJWS iJlcorpol'atlnv, MI)I01) change
«I) En!{lnc,; incor))ol'atin({ MDrn change
(x) l,n!{lnl's incorporating ML~2], MD.?..2..~, 1\10329, Mn::!~. or M])31~ change
------_.•._-- -_._-~-----_.~---~._.----_._--------_.-

Fil~"re 11-16. Engine Instrumentalion List (Sheet 3 of 6)

Change No. 'I - 1 Decelnbcl' 1969 11-45



Section XI H-3H2~;-1

------l----·------
Chang{~ Codf:

Add Deiete Para meter

JJ2C

,J 10:1
I'H,I

JI27
.1128

.1.2

EleclJ ieal
COI1llPC't'Jr

111&trun... ('nt~lt i~lJl

System

Primary flight
AuxillaJ'y li ight

Primary (light
b~ag<: test
Stage tf'st
Sta~o alld .H'cllptalh'C

teRts
Primary!llg,lt
Primary fIIJ!hl
~~age te',l
I'rlllHlry fl:j(ht

TGTJ
TOTJa
TGTlh
n;'I'2

'['U'n
'['(;'1'4

'[''';'1'6

-----1 ---------..--.-

Tap I
C:)d(~ l-.

a.,ldizer turbille inll,t
Oxid: I.eI' turbine outlet
OTDV Inlet
Electrical cOlltrol

as})('mhly
)O;l!'ctrleal conll'ol

afHlcwbly
ih-imaJ'Y 1"1 packagt'
Auxllia,'y Fl lJ.lI'kage

'I'!':MPEHATUHE (e,,"t)
Fuel turbine I,\let
Fuel turbine ll1ld
Fuel tUl'binp inlet
Fuel t'Jl"hine exhaust

(I' )
(a)
(aHh)

(I')
(l' )
(a)

is)

SPEED
Fuel turbo]Jump

Oxldizcr turlxlpump

J'FV

POV

1'1'i111:,ry flij(ht a",1 stav,e
test

PJ'!mary fli~ht and stallC
tN.t

.J 112
(t)
,J 113
(I, )

f"l,O WHATE
E:lIgine llIaln fupl
Engine main fuel
EngIne main nxldl:<er
Engine mai'l oxi(ll1.ur

l'FF
P fo'li'a
POI'
I'Of'a

Prlma,'y fllv,ht
Stage teRt
Primary lUt<ht
St:\((C test

JlJO
.JllOA
JllJ
J1l1A

POSITION
MFV

MOV

GG eonlrol \'31w

"',xidiU)l' bleed valvf'

01'IW

Primary flll;ht and stagl'
t~Rt

Primary lIillht and slal:e
teRt

Primary fllp.ht and stal~')

teRt
Prll1l,ln' fli~ht and Hlaf~('

tC'~;l

Primary fli~~ht ancl st~~~c

te~t

Primary flil:l1t and stap;e
test

Jll1
(u)
,J 115
(II)
,1116
(n)
,r JlJ
(H~

.11 :12

J1l7
(II )

'(n) EnglnnslnCo-;'pornting MD237 change
(h) Orlgll1J'll TGI tap is removed', and new TOI lap is at former TGTlh tap ](l('l\lion.
(I') On enp;incs incorporating MD263 ""auge, tran:>duccl' po!'t i~ plugge,!.
(s) On env,lncs i'lC'o1'poratinlf, MJ)2-'11 01' MI1355 ehanr;c, pl\;g I:; r"J)I:'<:"11 by new transdueel'.
(t) S(l~olldnry (ealibI ."Hon ('oil is--li~H.'d for ::;t~~~(: 111CHfHLt'enH'nl; dndJ'ic(11 si~nal is at vohiclr pal.eh-

1"01('1.
(u) Stnge-test applles to poicntiomctel' trace.
(I') On englneH incorporating MD26~ (II' MD35:; ehang,', tl'al\~ducl'r pori Is rluggeci,
(z) On engines In<:orporatll\g MD2'/4 chanJ:e;--jJlug iR repJI\C('(! hI' new tl'nJ,sdUe(~l',

-----
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Acceptancp tesl

Aceeptanco t"at

Acceptance test

.1118

Jj~O

J1I9

+
E1e;~rical
Connector

--' .....

IPrhr'" ry flill:ht
Primary flight and stage

test
Primary flight and stage

test
Acceptance tost

Instrumentation
Systum-_._--_._--

Oxidizer dum" com
pliance No. 1

Oxldize'r donw com
pliance No.2

Oxidizer dome com
plionc" No.3

Oxidi,er dome com
pliance No.4

STDV

-;-hanbP COd;:=r ----- 'l'ap

Add FVel;t:..~ Pa anw!or . Co~:
POSITION (cont)

, ! SI valve
I'll valve

VIflHATION
Thrust chamber injector

domo No.1
rrbrust chambpJ.· injector

dome N~l. 2
Thrullt chamher injector

dome No.3
Fuel t"rhopurnp inlel

No.1
Fuel turbopumi- inlet

N"...2
Oxidizer turbopump

inlet No. 1
O:vid;zcr turl~)pump

inlet No. 2

stagp and acceptance
tesls

staw= and acceptance
tests

S~age and acceptance
test~

Slav,e and acceptance
tests

Stage test

~1abe and acceptance
tests

Stage test

VOLTAGE
Ignition bus

Control hus

Primary flight and stago
test

Primary flight and stage
test

~J2

.12

HATE
GG sp"rk No. 1

GG spark No. 2

ASI s]l.lrl, No. 1 I
ASI spark No. 2 I

__J__L-- -L

&1ag" and 1(,I'Op(anr:c
tents

Stat:e anrl accer wnco
tcsts

Stago amI a rceptanc('
tests

f,'tage and acceptance
tests

,J2

J2

J2

.12

Figure 11-16. Engine Instrumentation List (Sheet 5 of 0)

Change No../ - 4 J)(,cember 1069 11-47



Section XI R-3825-1

J!

Jl

J2

.12

.J J
J?

.12
J2
J2

J2

Jl

.J2

J2

J2

J2

glectrical
Connector

Primary f1ighi and slage
tesi

Primary flight and stage
test

Primary fli!~ht and stage
tcst

Primary flit,hl and stage
tesl

Pril1l'lry fli.,;hl and slaw~

tcsl
Primary flIght and vtage

test

Primary flight and stage
test

Pr l m:l.l'y fli((ht
!'rimary IU!jht and stage

U'f;l

Spare mrmitor-jumper
installed

Ignition complete

Slart tank discharg'~

conirol on
Starf tank presGUl"ized

Mainstage OK No_ 1
presRur!7,ed

Mains(:lg<; OK No, 2
pl'C'ssurized

M'lin,stap,<; OK No, 1
dcprcGF>lui7,ed

!>Iia instng" OK No. 2
Uej)TC IJ0urizeu

Fuel injp'c~jon tempera- CFT2a
lure OK (ma in fuel
injection temperature)

Enir.inc cutoff vehicle
Enginl? cutoff lork-in

Spare monitor-jumpcr
installed

Starl tank depreIl611l'lz('d,
I

(vi

(w)

(w)

(v)

(w)

-_Q1ange C~d~--- ----"JTa
p
----'---:~~:mentallon

Add j ""'" __~_ Param".~~_ _ C~_: Systcm _

IELEC"nw::";'••'IGNALS
Engine ready I Prillll,ry flfr~ht and stage

t"61
H811um control on I Primary flight and stage

lebt
Ignlt~on-phase , Primary flight and star,e

control on lesl
ASI spark on Primary flil(ht
GG spark on Primary flight
Mainsta,(e co"trol on i'rimary flight and st~ge

tcst
Primary flight and stage

test
Pt'inHlry flirrht and f,t~'I.~~!~

test

(v)

(v)

(v)--}~ngine;;-illeorpor~t.lI1!\ MD163. MlJl'11, or MD20~ change
(w) Engines incorporating MD?:.r:'l cha,il;';" ----

l'igurp. 11-16. Engine Jl1strllment"tiul1 List (Sheet 6 of 6)
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R-3825-1 Section XI

PIOB PI_?

28-21_)

_i_.' _ _

I
i

t i

JlO3 JlOt

PI02

tI_FMP

Figure 11-17.

JlSO

PIS.3 P]_*4 PI_5

AUX,_IJA_(Y _K.NT_U_I_rATIOH _ACKAGF

3110A JIIIA J180

'/RAN3DUC]_I_S

MEASUREM _ F SOU lICI',

ri'JON ENC_NES Td_OORPORATI_Ct MD320 OR Mr)3Sl
I

CONTROL SOLENOID IS CO_INECTKD T_|IIOUGH Pl 5_.

_FI"I(IflNF,$ _()T IN'CORPORATIHG C}L_N(;P"

Engine-to-Vehicle _21ectrtcnl and Instr_montation bderfaco Schematic

Chang-. No. 11 - 25 May 1971

JI.I-IIC
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---,---..._-----
POSlnVE PEAK

___0 --••_-- -----1-----------------
(+).__ ~ . N _ ••• _ ...... ~ _

0--- ... ----.------- - ...... -

NEGATIVE PEAK

},'QTF.

TIME

LN~"t'VE PEAK APPEhHS 11RS1

THL') lLi.US1RATION REP.Rf..sEmS AN
APPHOXlMATF. TF..BT COttottION WAVE
FORM AT AMBIENT TEMPERATURE AND
LOW RPM.

---_.._---------,
Flg\1rf) 11-1'IA. Fu"ll1nd OxIdl~oer Flowmetor Output Polal'lt)' (Sn stage)

..
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R-3825-1 Section XI
Paragraphs 11-5 to 1.1-6

11.-5. DESIGN CHITEHIA.

11-6. The basic design criteria arc as follows:

NOTE

Sectioll VII contains detailed infor
mation on traneduccr types. data
control, and prl)cessing.

a. ThE' accuracy uf each parall1dcr at the>
output uf the cngine-suPI,Iicd ilwtrumcntatiun
system wiil he within 12.0 percent, except on
enchlPS Int incol'poratinf~ MD.l:1_~ ('hang!); tIll:
thrust chamber Pc II ill be within to. 5 p'-rcen!.
t'.nd the gas gpneratur Pc will be within ~ 1. 0
percent. The acc:uracy inc!l'des any error
C:<1,uSGd by caliln'atloll of Llw tl'clllSduc("l'. 1l will
he a design objective to acbiev(' accuracies
equal v.,jth those required fol' an ov"rall vehicle
iMtrumcntation within, 5 percent. The re
quirpd lneasuroment accuracies of all prcsf;ura
parameters ean be cl.ltainBu only by compensat
ing fur long·· term transducer drift by the
methods described for pressure t ransrjuee~ data
reduction in section VlI. if eOlllpensation fo~

tr""qiucel' drift is not performed. en'ors In
excrs~ of ,10 lJercent are possihleat the engine
inh~rfac('.

h. The lranfjduccr~; will not require [Jhysical
calibralion aftl'I' installation on tl1l' engine.
Provisions for applying an eledrieal si"n>lI to
(':lch men.f111r~"wnt arf' inf'nrpOl'atf\d for <1tltn·
mali" elwckout. except those parameters for
wldeh the vehiclE' c,-,ntrudol' provides signal
CorIO I ionh:g.

L, Protoction if.; provided where transdueel',s.
tuhing. or cauJc hal'nCd8f'S molY pO~lsihly be

darr.aged during ass('llIbly and cheel",nt of the
vehicle.

d. Each potentiometer-type transducer must
hav(' an excitation voltagf' of t 5 vdc; transducers
with integral eieetronics, ,24 to ,32 vdc.

r. Transducers ,..th integral electronics
provide a 0-5 vdr output into any specified load
between 100,000 and 500,000 ohms. ,~jgnal

conditioning o[ all other transducers is pl'ovidecl
by the vehicle contractor.

f. Any mcar;urcmentn or si(;nals required
for pug-inc control or Ecqucncin~ must ue a pad
of tJJc cngin!.' control package.

[;. Pin functions for potpntiornr.l.crs arQ
"hown in Ii!;ure 11-18.

h. Pin functions [01' dc-de typc prcssure
transducers arc as follows;

(1) Pin A: +28 volt positive excitation

(2) Pin 13: +5 positive output voltage

(,3) Pin C: - 5 !lcgati ve (wtput voltag" return

(4) Pin D: -~a negative excitation voltage
return

(5) Pin E: 128 volt, 20 ,percent calibration
C'xc:itation

(6) Pln F: 128 volt, aO-percf"'! calibration
excitation

i. Pin functions for r(,Hi[~tancr.-hull)tempera-'
ture transducers are Shown in fil(ures 11-19
and 11· 20.

j. Only ahsolule pl'f:ssLre tram:.:dor('rs are
tlspd.

------1

HNCIIO....
._------,

.'

n

l'

WIP,JI

Ill(jlt (At:fU,\fl,rt i'OSJTK,~J)

"
lJ

('
IHJm ('11m•

or
\\ Jpt n

'.I')I'I.P.1l 1'; [

'-------------- _._-- ._----
" CAS;'; (:I:OI1:m

(WliLN n,FlJ) l" =1----._----_.__...-

._---_._-_._-------
Fi~'1Il'e !l-W. l'ntentiomcter--Type Transducer SChl'.nla(\c (Typical)

Chan[;e No.8 - 7 MilY 1970 l1-GOA/H .. :,IJII
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R-3825-1 Section Xl
Fa" "aphs 11-'/ to 11--10

PIN A 0....-----------..
SI~NSOn OlJ1TUT

PIN h 0----...--------\
OU'tPUl COMMON

PINC C----
INPUT C0~MON

Figure 1.1-19. Resistan.~c-J3ulb Temperature
Transducer Schematic (Typlc:a I)

11-7. PUMP lNLB;T MRASUHlcMEN1'S.

11-8. To fully evaluate the propulsion system
during flight, the vehicle man1,factlll'er must
supply instrumentation for measurin[; the oxi
dizer and fuel pump inlet pressure and tem
peralures. These pa rameters arc not induded
with the £ogine system, since the measuremcnts

must be taken in the vehicle ducting. The instrll-'
menla.tion pick-off points should be located
adjacent to the en"ine prope'Halle duct flanges.

11-9. TURBOPUMP TACHOMlcTEHS.

11-10. Both turbopumps are equipped with
magnetic pickups to meusure turbopump speed
and to provide a turbine overspeed cutoff signal
for static testing. The magnetic picknps are
utilized to provide tllrbopump speed for the in
strumentation system. The output of tlit' m~il

netic transducers is dl1SigllCd (OJ' r.~ner'1t'()1l of
a 1-3 volt pulse suitable for direcl t~ler.-_ctry.

The fuel (UI'\)fljJ\lmp rotor is f'lbrlc~\('d from K
monel, which do~s not exhibit magnetic,!l!aiities
until chill"'l (n -300" F. 'l'h"retOl'p. chp~kO\'t

of the tachom~ter by spinning the t\lrbopump Is
not feasihle at amhieni. LeJl1peJ.'lttures. IGlcctri"
cal ~heckou( can be accomplished, however, by
applying a voltage io the cht'cl'out coil and i'l
ducing a voltagp in the SIgnal ~()ii. This check
may be made at eithcl' ~unbient or cryogenic
temperatures.

------_._-

~'WN:iOn OUTPU r II.1------.---.---------.,
Sf':~m.;c;

t;U'\WNT
, A

Sl::tlSOn OUTPUT

OUTPUT t'OM\lON

tlH'U r (;()\1MON

---_._-_.

lJ .-----------.--.-

>;~--_.

f--.----------.

--_.----------

s~;t:'iIN~;

r"}o,I'>!t;NT
IJ

J2~ 1·1~)

Figul''' U-20. Heels/allce-Bulh Dual-Element l'''lllp(ll'a(lIr~ Traw,rlu(:er Scl,pllla!lc (Typical)

Chani:e No.7. 4 neel'llll",r 1960 ll- 51



Section XI
Paragraphs 11-11 tCJ 11-23

n-3825-1

11-11. VALVE POSl'fION INDICATORS.

11-12. The primary flight instrumentation has
thl' cltpabHity of providing a position Indicator
sign,,1 for the MOV, MFV, GU cOlltrol, OTnV,
STDV, PU valve. ASl, and propellant bleed
valves. The posltioll Indicators on the compo
nenU; are 2, OOO-ohm potenllometers and/or
position switches. VoHagl' ratio Is used to deter
mine potentiometric valve jJosltlons. Voltage
r,,-tlo is obtained from the h,l<,metry potelltlom
eter signal and Is l'alculated frem the formula

V It t ' Potentiollwtcr oulnllt ill voll~

o ag<' ra 10 = I;;Jtentiometcr-iil0ICIiivOITs

Voltagc drop between the power supply and the
engin~ interface InUf.it be accounted for WJWJl

(letcrmi:lill(\ potentimac!rr illl'Ut.

11-13. PHOPELLANT FLOW MEASUREMENT .

11,· 11. Plownwters are prOVided within the
hleh-pressure propellant discharge ducts to
measure main fuel and main oxidiz('.t· fJowralos.
The basic '.llemont of '.;Il' flowmeter is a helical
vaned rotor which is turned by propellant flow
to measure flow vcloclly. The (tow dlametel'
Is closely controlled to permit accuratc deter
minallon of the volunwtrie flowrate, Within
tile fuel flowmeter is a four-vane 1'0101' which
prociuecs four electrical illlIJulses per revolution
antilla'ns appl'oximRtdy 3.600 rpm at nominal
t1ow. Th', oxidlzcr nowmeter includes a six
Vane rotor w},idl pr()dllr~B Hix ('IE'etrica! im
pulses per l'cvolution and turns approxlmatcly
2,400 rpm at nominal flow. The output of the
magnetic transd'lcprs Is designed for generation
of a 1-3 voll pu1<1<1 ~ultable for direct telemetry.
Ell'l'tri<:al checkout of the flowmeter ra n be
acc,"nplishl'd by sl.lpplyinr> a Yolta{(l' to the
chcckout coil alld indllcing a signal in thl' meas
uremenl coil. Oxldi •.er and fuel noV/meters
have redUlldant Illaf~nctir pickups [or sla!(e
stattl' -I est lnstrum'JJltat loti.

11- Hi. INTEHCONNECTlNG HARNESS AiJ
SEMBLmS.

11-16. Flexible 'Il'morcd harness assemblies
are providcd for COlltll'ctinv, the various IranH
'!.lCers, where appJicaiJle, to their respective

insll'umentatlon pack;lges, and the necessary
vehicle-to-englne interface at a eustomer COn
nect point.

11-1'1. PHESSUHE MEASUREMENT,

11-18. Enl(ines are detivered with dual-scal
instrumentation bosBes, (See .'lg•.trc 11-21.)
Tlw seal s utilized bNween the \)088('S and trans
dU('(ll'S or transducer lines are .\l'aIlex sea]
404659 for nomina] and low-["mperature appli
callons, and Naflen 8eal 404661 br temperatures
in excess of 160" F. II the dual-,'"al inslrullwn
tatioll !Jossc/'; are not utillze,l, plur,~"lreprovided.
Thl' plugs contain a vcnt hoI" lhat •.Iln('s with
the intermediate vellt l1etween t\Vo concentric
seal surfaces on the Naflex seal.

11-19. The seal vent purt in the plug head is
plugged with plug HD273-1020-1002, or a di
mensionally equi :'1 lent plur;s, and O-l'I ng MS29513
or solid copper gasket HD251-6001-0001. The
port Is used to check for prima,ry seal leakage
under the plug. A tube is connected tf) the port
and routed to a leakage .. monitorinv, device.

11-20. TEMPERATUHE MEASUREMP:'lT.

11-21. Fi[i',rc 11-22 illustrates a typical tem
perature transducE,r in~talJation. Tpmpcralul'e
transducer NAr,-2721 ~i is directly Installed in
bOHR 405855). Naflex scal 401666-7 iH ullli7.Ccl
to effect a seal. Lenk-detectlon features identt
cal to the dual-seal pressure' boss a.re pl'ovided.

11 .. 22. TranRducers l.till7.ed in the GG ('xhaubi
syt;tem are Il:lOunted in the same mannel' as
transducrl' NA5-2'1215 (parRv,raph I t-20, except
that Real 404681 is u5pd wl1en the tentp"r'atllre
rangc is in ~xr~ss of 160° 1:'.

11-23. A thermocouple monilor Is provided
for sensinG a GO tpmp'.H'al.ure durin~ slatic test.
It Is recommende.d that an IIvcrlemperature
cutoff device be used In conjunction with the
tl'tnlHlratlll'e f!jl(nal for all Btat!c firings.

11-52 Change No. 7 - 4 J)p,'~('miJer 1969
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Section XI

- DRILL NO. ~ (O.065 1'0 Q,(j'/5)
rJlIlOUGH, fOl{ r,oCK'llrlHF

('Rf:S ll'.ST. AO,'PTI:.R f'1T1'WG
'i01855 OR SfMlLAH,
CAU110N: nl'l1Nrt 7011)55 m"ff-:r,'jIONR
~WI::1 m; MATNTAINl,n I <If! 111I' flOSS
.sun: or Mly ,,'UllSflnJTf; FJTl1N{; -
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N01f:S

0.950 M1N---iJ-~.--
~l:A1< C(lrn ACl
OJ,

(I ~o r.lm
n.l.l.lIlIlFAD-·

- lMO;-.; AN91~·2C Oil tu)27J.·11l20~I002
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Fig-ure 11-21. Dual Seal InstrumentatIon Boss for Pressure Measuremcn(fJ (TypIcal)

TllAN<;llIl('~ I'l Tf) ~'~Tf ""Jr
..,fAI, .... llll [O;.r<t.~ ,Oil
l\Ci~ lOB" - 1051,- J~

I"lgurc 11-22. Temperature TraPBducer L'stallatlon (Typical)
ChanF:e No.7 - 4 Decemher 1909
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Section XI
Paragraphs 11-24 to 11-27

R-3B25-1

11-24. STAGE STATIC-TEST MEASURE
MEN'fS.

111-25. On engines no! incorporating MD!.~Q,
MD280, or MD281 chang(', connections are
proVided for 17 additional inatrumentatlon
pressure measurements for stage static test.
Mounting provisions are madc for the trans
ducers, and the enginc is delivered with dummy
transducers in pl~ce to seal and provide stabil
ity for' I)'G lines. The dummy transducers are
remuved and the foHowing transducers are
Jnsta lied by the vehicle contractor:

a. Oxidizer tlltbopump bearing coolant (PO'l).
(Removed on cn!,ines Incorporating MD269,
MD~~?" MD_~9G, M~~~, MD~~, or Mti3I~
chnngf!. )

b. Thrust chamber (CG1). (RemO\'ed on
engines Incorporating MDil.~ or MJ)1~4 change.)

c. Helium tank (NN1)

d. Start tank (T Fl)

e. Heliulll ref(\llator outlet (NN2)

f. GG oxidizer injector and purge (005)

g. Oxldi,.~r turbine outlct (TG4)

h. Fuel turlXJpump balance piston (PF5)

i. Oxidizer turbopulllp primary beal (POo)

j. GG fuel Injector and purgc (CW4)

k. F\lel turbopump discharge (PF2)

J. Thrust chamh..r (CG1a)

m. Main fuel injection (CF2a). (On engines
Incol'poratln~; MD23'I chang!', CF2a becnmes
C1"2 stage stallc FeiJi and is le"d to the flight
eF2 instrumentation sensing line. )

II. GG combustion cbamher (GGlal. (Re,·
moved Oil cngines Incorporating Mr~~? cllanl~"')

o. ASf comll\wllon chamher (IG1). (Removed
on cngines !ncorporatlng Ml)l?~ or M[~~,!G

change. )

p. Oxidizer pump discharge (P02). (On cn
glnes lncorporfltlng MD23'1 change, 1'02 becomes
P03 stage "tallc test and-is teed to the flight
P03 Instrumentation sensing line. )

q. OTBV nozzle inlpt (TG8). (Removed on
engines incorporating MD:l2!i or M!?2.1? change.)

NOTE

On engines 11 corporallng MD150,
M))280, or MD281 change, ~.ffTn
s!J;tim-enfation Hnes and'transduce1'
mounting provisions added by the
MD88 or M.)l11 change aro re
moved from Hie-engine as we II as
the two redlmcl.1nt magnetic pickups
Irwtallcd on lh8 flo\\ meters.

11-26. GAS Gf;NERATOR OVER'tE:MPEHATURE
TRAl<'3DUCER MATING CONNECTOR TO
CABLE JOINT HEQUIHEMENTS.

11-27. The following Is the recommended con
nector, wire, and method for joining the wir"
to the connector uf the dra!,-ln cable for th" GG
overtemperature transducer:

a. The following lR a lIet of recommended
equipment:

(1) Connedor Rl>114-1013-1002
(recommended because o[ its torquing capability),
or equivalent.

(2) stranded thcrmocouple wire WCG9G7.1
(Hcvere Corp of America), or cqulva\ent.

(3) Toolkit 11-3695 (Bcndlx), OJ' eqUivalent,
for removing pins fcom connector.

(4) Toolkits 11-2f,'{G and 11-7345 (BendiX),
or equivalent, for reinr-lC!'tinlt eonnedol' enn
lads.

(5) AdHpter plate 11-7314-11 and locating
gar,e 11-7313··1 (13cndix), or eqUivalent. [or
chec!<hIB propel' position of the pins.

(6) Epoxv I'PElin, EIl"n B2A IShcHChcmical
Co), or e'luivalent, fo.' potthg ol'f:'l around
contacts alter pins aro ill place.

11- 5·1 Change No. '1 - 4 December 1969



R-3825-1 Section XI
Paragraphs 11-28 to 11-29

(7) Flux: potassium f1uorolJorate (grade
technic.tl) 75- '17 percent by weight, l,thyl
alcohol 2-3 percent by weight, and remainder
of deionized or distilled water.

(8) Braze filler metal consisting of:

(a) Sliver (AG), 56 percent

(b) Copper (Cu), 22 percent

(r.) Zinc (Zn), 17 percent

(d) Tin (Sn), 5 porcent

NOTE

This alloy may be oblained 'rom
Handy anu HannaH Co or American
Platinum and Sliver, DIvision of
Engelh~.ru Inuustries, Inc.

b. Using proper tool, remove pins from
connector.

c. Clamp connector contact on a chili block
to prevent damage to socket contact spring from
high temperature.

d. Using proper flux and filler alloy, torch
braze wire to contact.

e. Using proper tools, insert connector con
tacts into connector frum brazed-wire side.

f. Check for propel' positioning of pins.

g. After pins are In placn, pins must be sc
cured hy pollinf: ar"a around contacts to a depth
of O. 03 to 0.06 iuch.

11-28. INSTRUMENTATION POWER REQUIRE
MENTS.

11··29. Direct current power Is used for opera
tion of thl' flight instrumentation system. Powcr
definitions and requirements are listed In figure
11-23.

----_._-_...~_.- _._---._---- --
Flil(ht or Hight a. Primary instrumentation system puwer:
Simulation l'ower,

(1) Pressure transducers

(2) Valve position potentiometers

(3) Valve position switches

(4) Temperature transducers

2<1 watts maximum (at 32 vdc) with
a voltage range of 24-32 vdc; 1. 54
watts maximum additional for <'aeh
Ale(:tricaJ simulation (transducer
simulation) during per.iod of cleotd
cal simulation

O. 5 watts maximum, continuous at
5 vdc

2.0 watts maximum, at 24-32 vdc
fOl' each closed switch

Depends un s' ,-go clrcuitl'y, (~Jee

figures 11-2, 11-1, 11-9, and 11.-lJ.)

b. Auxiliary Ins!l'umentat!on system pewer:

(1) Pressure transducers

(2) 'remperature transducers

46 watts maximum (at 32 vuc) with a
voltage range of 24-·32 vela; 1. M watts
audltlonal for each electrical simu
lation (transducer slmulatJon) during
pCl'lud of clectrlcal "lrnuJation

Depends on stage circuiti'y. (Ser·
flr;ures 11··2, 11-4,11-9, and ll-l1.)

Fil,~Jl'c 11-23. l'ow{'r DdlnftltHl9 (Sheet 1 of 2)

Change No. 7 - 4 D~,,:cll\ber. 196e 11·55



SecUon XI It-3825-1

Direct Current: 24-32 vdc. 'l'he de peak riPple voltage must not exceed 0.1 volt measured
with a peak-rcadfnp; VTYM in series with.1 4, O-mlcrofarad cup.lcltor. The
higher of ti,e two values, menslIrerl when the voltmeter Is successively con··
lIeeled for each of the two pOlal'IUes, must be considered when tletermlnlnr;
the rlJlPle voltage.

Alternating ('urrent: During' checkuut, ac YOHH(~AS required for obtaining' electrir-al :;)itnulatiDn on
the pump speed transduecl's and the main prepellant fJowlllders are as follows:

R. 0.2 watts nlaximuffl in!' each coil during period of simulation at 10 vae,
single phase, 20\l .0.2 cpe for the flowmeter-pickup simulation

b. 0.2 watts maximum during period of Hinitl1aUon at 10 vac, slngl(; pll.:'lflfJ J

5,8'0 ,5 cps for the ftwl pllillp speml-t !'unsducer simulation

c. 0. ~ watts maxImum dljrillf~ IJ~rlod of :;lmul"tioH ;,t 10 vac, single phase,
1.,920 ;:12 cps foT' ihu nxidtzt'l' punlp >spocd-tl'ansducel' Aimulation

I Pages 11·-57 Ihro\lf(11 J1.-82 r1deted.. .
11-56
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SECTION XII

Section Xl1
Contents

Paragraphs 12-1 to 12-7

TAli"': OF ':O!.j'rl"j'R

PM1AGHAPif.----

12-'1
I ~~-~
I ~~-7
l~-H

.!:2:!~l.1NE--":NY1~'.QI'!:__~!}II:N~ ..... I~·-l

r:J!fmMEIl CO~·NEr.TlONS ANI> 8'~\W .. I~-I

Cl:mt r~l~;:;-' (:-;;;;;;~~, tT~-ll~;j~~ ~-:-.. 1~-·l
Hf'r.llflnical COIlIlf'r:tioIlL." ...•... l~-l

lIyd rl\\I1 iC' Pump }f'1lltl t i Ilg . ....•••• J~-~~

1~! ..ri
]:2-10
1:~-, ~!

r:II'(·{.r'lf.ul CfJlHlN·fiuII'l...... 1'1_')
l<'lilld (;nnnf'c·til)/l!l l:.!-:..!
HNlllin1ffiflflf ..! [fIr In'itnl1nti!l1J
of Support"! on Fluid LJfH'~

(SJI Stat~l" Cr'lllp)' J·:Illf,inf'''l) J'I..-(I
f:nl1;illf> l,jpnI4 ,. l:!-B

12-1. SCOPE. This section lists customer
connection point/>, recommended engine-to
vehicle connecting hardware, and engine se\lls.

12-3. Thp engine is within a hasic envelope
approximately 80.75 inches in diameter and
133 inches in length. Hefer to Hocketdyne
hlucprint 106475 (customer connect interface)
for d"lailed engine dimensions.

12--'1. CUSTOMLH CONNECTIONS AND§EA!l:?:-------------------------

12·5. CUSTOMEH CONNECTION POINTS.

12-6. The engine has three types of customer
connertionR: mcchanical, electrical, and fluid.
The vehicle coatrar.tor mllst ohtain Rncketdyne
cuncurl'ence bl'fore att:l('hing any additional
linc", brackets, clamps, 01' othe!' hardware to
the engine.

CAUTION

The attaching of vehic!(' contractor
llnfJ'fi, bn:l.ckets, clamps, 01' other
lHll'dwar" to tho engine withont
Horkctdyne analysis may rosult in
reduced ('nglne reliablllty.

12-7. MECHANICAL CONNECTiONS. Mechani
cal cor,'lcclions are those which arc ubod in
n,ountirt(\ the engine to the vehicle structure or
for the attachment of accessories. They include:

a. Gimbal block mounting face.

b. No. 1 aetualo!' attach poi"t.

c. No_ 2 actuator attach point.

C. Fuel :nlct duel (or ward flange (girnbaled
engines only).

e. Oxithzer inlet ducl forward flange (gilll
baled engines only).

f. Fuel tu rhopump inlet flange (nonglmbaled
cngilleR only).

g. Oxidizer turboJlump inlet nang" (nollglm
baled e"gines only).

h. Hydraulic syslem installation flange and
brac:<cts.

l. Vehiele-JIlounled electrical interface
panel.

j. Base heat shield attach hrackets.

Change No. 0 - 9 June 1070 12-1



Section XII
Paragraphs 12- 8 to 12-10

R-3825- 1

12-8. HYDRAULIC PUMP MOUN'rING. The
velucle hyclraulle pump is installed on the oxi
dizer pump accessory drive and secured with
nuts RD114-8005-0008, or equivalent, and
washers RD153-1002-0006, or equivalent.
Torque nuts to at least minimum standard
torque value, but do not e~-ceed 350 in-lb.

12-0. EI,ECTRIGAL CONNECTIONS. The en
gine "Iectrlcal connections are terminah~d inde
pendcntly at the stage or test stand interface
panel. Eleotrical cable clamping blocl.s, which
are removed Irom the engine du~ing installation
and mounter! on the stage or test etand, transfer
cable loads to the vchicle structure.

12-10. FLUID CONNECTIONS. (See figurcs
12-1 and 12-2.) All engine fluid lines, except main
propellant ducts, are rallced across the gimlml

plane by lhe englue contl.'actor to a comlllon In
terface point where they are connected to a
vehlcle- mounted paneI during installation. The
connections are llsted below:

a. Start Tank InitJal Fill -- for ground filling
of the engine starl '.ank with gaseous hydrogen.

b. Start Tank V,ont and nehef Valve Drain -- a
,!t'aln line that i9 routed overboard by the vehicle
contractuI' to prevent accumulation of hydrogen
in ~he enclo:::lfJrt engine compartment.

c. Start Tank Vent Valve C,mtrol -- a vehicle
pllellllla!ic source is reqUired (0 open the slart
tank venl valve wl'"n required for tank venting
or for tank conditioning and filling.

TliRUST
CHAMHEH
JACKE'!,
PURGE

~Oj(JDIZ1';R
~PUM},

PRIMAHY
&fo "'l.
"RAIN

~

080

o 0

HYC>ROmm
TAUK
PRFSSUfUZATlON

f;"'iI 011 ENGlNY,s WCUJU'OHATWG MD!(>j,b.!A Qf{ MD1\?4. r/-t;••"1GF.: {srvn :,"'rAcr.F Ul'IT,YI
P2i or~ ~;MI.HNEC; LNCORVOhAnNO "-Dill,
h."~ :-.wt02, M:O~.t~. on J,(~m CnANGE

---------------
Figure 1.?- L Engine Fluid Jnl""face PlHwl

12-2 Chany,e No.9 - 9.fune 11170
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I
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I • Ibeen opened. (d;
I- -r-
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I
N/A I N/A ITo prevent c'amage

and-relief valve
\,,1-2 , to the control sec~on
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I ir. valve vent cavity

I I I
"lLlSt aot exceed pres

I
sure in control cavity

! by more than 30 psid.,

Start t:ln.k vent Be 375 585~eJ

I X'A I XIA I NiA N/A Start tank condition-
valve control I ing and venting

I

I
(ground contra J.~; con-

I I I I trol line drying. (e)

Hydrogen tank I "'"H Ir..e:er to curyes :.n. R-3825- 1B for prC'Sf'-lre, tempErature, and'" 2pressurization flowrates, I I I II

Oxidizer tank I GOX (SI;,)
. i __._

andRefer to c'"rves in R-3825-ll:. :~r pressure, temperature,
pres,::,t!.rization ! He (SIltS; flowrates. I

.
I I
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F:'",d I
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lall '1:>\ I (b)

(f)

'" (a)
'" (b)
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"... (e)

'"-J
C

...
'"I
""

Engines incorpo:-a~ng ~1I;361 c~ge

Applicabie to nor.r~S+..ar: c:lglTIes
Applicable to initial s=, of restart engines
Refer to R-3825-lB for detailed requh'e",ents.
If cor.trol pressure in the :-a"ge 585-621 psia is applied to s:art ta.'l.\c vent-and-:-elie! vah'e more than 100 times, vent-and-rei:e!
valve muSt be replaced
Refer to R-ZaZ5-1B for s~art tank ma.xir.:1'J.:l1 press'.lr:za:ion =-ates.

Fig-"re 12-2. Fluid Inte:-face Co::r.ections ~Shee+ I of 3)
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Figure 12-2. Flu.:d L"lterfaze Con::.ections (Sheet 3 of 3)
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Heat exchanger heli~::::

inlet (SIVB only)

PO.!ei inlet duct !1ydrogen I n; (1', J ... 4~4 See fi£;'~res 0.-1 4il-ct ~~~ 211ciiii:LDle.,

I
I II I 8-2. surge pressure ifl

I I I I I 132 psla.

Oxidizer inlet dolet(k) oxyge:::t I (1)
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I8-2. i surGe pressure is
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I ! I (jl
Oxidizer punw primary oxygen N/A 22 -290 ambient '1 NtA 3.2 Pressure must not
seal drain(m) 2.r:d/:n" H{; I I ~/min exceed 12 pSig at

I i 1. 75 Ib!min and
I J I -200· F.
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$
£
"§; (c) Refer to R-3825-1B fo= detailed requ.irer:ne:l~s.

(h) SIVB restart engines
00 (i) SIVB nonrestart engir.e 3

.::, (j) srr engines
'"' (k) On SI! stage cent~r e:lg:ines, ;-alues apply to turb.:Jp'lmp iclet fla..'1ge.
~ (I) Refer to R-3S:i:5-15 lor pr"ssure values.
.... (m) Engines inco"!X'rating :.mS01, ~lD302, MD322. or ?,fTj323 change
<C..,
o



Seclion xn
Paragraphs 12-11 to 12-12

H-3825-1

J, Hydrogen Tank Pre68urlzat!on -- gaseous
hydrogoJlI is tapped off the engine thrust chamber
fuel injection manifold for vehicle fuel tartk
p,'easul izalion.

e. O"idlzer Tallk Pressurization -- vehicle
oxllUwr tank pressure i6 sUPlllled from the en
gine heat exchanger, On engines incDI'pocating
MlJ10501' MOI04 change, the hellum inlet Is
addCd~~nd heli,i'li from the v"hicle is supphed
(() the heat exchangot'. The heat eschanger oxi
dizer supply llne Is removed and the tapoff
point capped,

f. Helium 'l'allk Fill -- fur Ill'ound filling of
tile engine hellum tank,

g. k'uel Blel'd Line -- allows clrculatlon of
fuel durinK chllldowII to achievo required quallty
in the engine fol' startlug,

h, LOX IlI<Jeci Llnc -- allows clrculalloll of
oxldlzor during chllldown to achleVlJ required
([u\tllty In the engine f'Jr starling.

L lo'uol Pump Drain -- pel'n,llfJ roullng of
[Jeal purge gases and fuellealull.:e overboard
and prOVides an overboud vI'nt for the start
tank whon lhe start lanl( emergoncy vent valve
Is aclllated,

j. 1'1l1'l(1l Manifold System -- (or pU"Volng tile
fuel tlirbopulllp IH'lmary seal, fuel turlJollUCIlp
turbino neal, oxhUwr turbol'ump turhlM sOIlI,
lind gllll gcnomtol' f,wl inJeclor.

k, Thrust Chamhr:,' .Tacket Purge -- for
pUl'I!lng moisture fro III the th,'uut chamber, for
pre-chlllinr. the thrust ch:lIl1bor hofore slllrt.
and lor pur;;ln« luel and contaminants (rom
lhru"t chllmhm' aftH (,uloff,

I. flen l f;x"'w,n!!Cl' Hellum Inlf>! (englnt'fl
Ineorporidlng MJ)IO~; or MJJ104 ('hange)-- usod
when h,'lIullI Is ufle,Cf",' vohlCi" oxldl7.or lauk
pros':tll'e. (Holcl' to step ll, )

n" CaHpfJ Chocl'out 1,Jno -- permits (unctloll
terlllug No. I and No, 2 malnfJtage OK pressure
Ilwllehes,

n, OXidizer Pump Primary Seal Drain (on
glnes Incorpo,'atlng MD301, MD,?_O~, MD122, or
MD323 chango) -- a drain line lhat is routed
overbvard hy ihe vehicle contractor to prownt
aceumulllllon of oxygen In lhe enclosed engine
compartoneot,

12·" Ch'Ul"~ No. 11 - 21; May 1071

l~-; 1. The oxiulze,' lUI hopump primary seal
drain and the fuel and oxidizer turbopump turhine
seal drain aI'(' !"outed overboard along the thl'uF,t
ctlambel' contour to Ihe chamber exit, On en
gines Incolllorating MD301 or MD302 change, a
burst diaphragm is conneCied to tiie-end of the
oxidizel' turuopump pllmary seal drain 11no,
(The o/el'board primary seal dl'aln line ir; tecd
to the 11ne that I,; royted lU the cuslomer connect
de~cribed in paragraph 12-10, step n,) These
lines affecl Interface with rp.sJlcct 10 engine
envclope and heat shield, (Hefp.r to fiockeldyno
bluepl'lnt 10647 fl, )

12-12, ftEQUlHEMF;N'l'S FOn INSTALI..ATION
OF SUPPOHTS ON Fl.UID UNk;S (SII &"l'AGE
CENTEH ENGINES), During In"lallatlon of the
cenler enlpne Into the Sli slar,c, it \s necessary
to rOmOV!! some of tho ""glne !loxi!)le 11ne sup
ports to aid Instaliatlon of the !!"glne, Whon
slage-8upp11ed 8upport~ al'o inslalied on the
engine, o!JS!!"Ve till! following:

il. lustallatlon of fuel bleed, oxldl?er bleod,
and oxidizer bnk preFJllul'1z1ng IlnoH. (See
lIb'Ure 12- 3.)

(l) Offs!!t cllmenslons mUHt not exceed 4
lne'18B,

(2) An adJustmcnt 01' swlnv. mount must be
prOVided at III'HI mountlnv. {wlnt (lfi ollglno. 'j'hlH
will enSure thpJ'e Is no axla1lu'oloacl ('Il\I~pd hy
engine lIl1'1J111 nllllt'mont, onK!ne build-up (oler
alll'"H, or vclllclc bulld- up loJI'I'lUle(:f).

~. 'fhe lollowln[{ minimum bond radII, baaod
nn Uexlblo 11110 ~Ize, IllUst Ilo oheerved:

Minimum Bend Minimum Bend
l!adius Inside RadIus to

Dlamoter ConteI'll no
11l~_~r!~9_~IE.£ _llilr:!~L_ ,_(ln~!!2!!)_

OxldlMl' blocd 7.25 0,00
Oxidize" l"nlt G.OO 7.GO
jll'osllul'17,aUOn
I"uol blced 0,00 10.00
I"uell'Ump dxaln 2. ttl :1,00
Pur/to manifold 3.93 4,25
sYllll'!ll

Start tank lnllial ti.33 5.75
fill

Start tank vent 2. '/7 3.00
valve conh'ol

Helium tank fill ~: .. '17 3.00
Start taltk venl and ~,. 33 5.75
reliol valve drain
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...-----VAlUASLJo: OlIOlNIlON -------_.

I

I
q. Vl:tuCLE

-- A[)JlI8rM:lNT

.............. mOT 'OR
I"NINO lJ)UN1'

Cl
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- 2,00 iO.leU"';'"
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VIfW A·A
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lo'llIu\'e 12-3. lloqull'clllOnlH rol' InHtallattoll "r I)UjljlOJ't on I'luid Lln()l) (SII Slage, Ct!ntcr ~;nl{1nes)

Thl'UHt dmmhi.}l' (). 33 5. 7f,
jack~l P\lI'f~O

U.xlc\lzerpu'iljJ 3.08 a.flO
p.l'lma,'y sea.l
('''niH
Callpn cllt'ckotll 2.'17 3.00

t!. Flex!ble Hectlons llIUS! Ilo! be illslallod
III n lw!nlcd configuration sInco a lwlsl IOlldo
to uJlwlnrl whell PI'osoUl'lzed, pulling torsional
loads Oil flexible IIno.

d. LincH musllJo supported by clu;',pB on
hal'o tube sectton belween flexible sectionS.
Hlgid clnmplng of flexible lines on lIe1.lblo
portion mUHI be avoicled.

Mlnill\lIlIl Bend
(1aolu.; Insld"

Dlamolel'
.IJ}!.Ql:fl!.<:r-•.HI.!Q __j!rw~~:!!L__

Mlillmlllll BOlld
Hadllll> to
ClmtorllllO

_.(I''':h!)r;L_

o. Wh~n rIcxlIJ10 RoeltrH'k are refltrailled 1o
provont ellarIlIl: 11l:.,i1lfll. ',ael. olhor, th" fol\owlll~

In\lHt hn ub~w .. vec1:

(I) ClallllllJll: or "paeh.v- c1"vl<;o milk! he
uverslzed lllld IInod w1l h a material thal \l'lll Jlot
r. llUBl\ ehaftllr~..

(2) MalorlalH UflOd in el'lIl.pln!: 111l"'( ho COIll

p".llblo with lelllpr;r;llure ex!l'lJm"H l'al1ldnv- frolll
... 4ltJ- tel: 200'" I", deIJCndln~~ on lIun illyoh:prl.

(3) Woll;ht of cln 0l1l!11F, d('vl<;t! mUHt be HII,I'

po\'tt'd by Hl"lIelure I'athor thall by oliwl' llnull.

(4) No t!lamptnl( I" allowed on flexible
sectinn adjacent to engine.

NOTE
Tho outHlde dlameler of flexible scc
tlons may vary, dopendlng on the line
nuu1l1facturcl' .

Change No. 11 - 25 May 1071 12-7
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Paragl':lphs 12.. 13 to 12.. 16
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12-13, ENGINE SEALS.

12-14. All separable hot-gas lind propellant
fllmges and connections al'e equipped v.lt\l a
dual-statlc scallncorporatlng an In,ermedlate
cavity between the hlbh-pressure lU\d low
pre,lsure sealing areas. '1'he Intermediate
cavlly may be monitored by rout log J line from
the CllY1ty to a leakaf:e-nHll<311rtng dr"l!ce as
&hown In figuro 12-4,

12-15. The Jlnellrnatl~ control systelll a1l;o USeS

the dual seal, whIch Is monitored (hll·jug leak
tests.

._J

12-10. Allinlerfllee connections between the
engine and sta~e a,'e daslf~ncd to accommodate
the dual-type seal. 'fhe seals andtha Real dr:\ln
bosses ar" flot Includec\ In the engIne package,
wllh the excepllon of the seal drain b"sses that
,\re provided on the main propellant Inlet duel
interface flanges. Soc f1gUl'C 12·5 for lnter/aee
sc... 1 Information and flange dimensions. All
scala and eOMectlnp: hardware for Interface
cnnnectlonM are fu 11l1ahed by the vehlch: eon
Iraclol'. l"Iul1 Interface connecUon l'equlrelllf·ntH
arc outllned In figure 12- 5,

l ._-----_.._---------------_.-----
Figure 12-4. Flunge Scul ('J'yplcul)

12- 8 ChaJlf,c No.9 .. 9 ,TUlle 19'10



Pig'..1:-e 1: -5. Fluid L'1ter:ace Connection Requ:rements (Sheet 1 of 2)

Initial bolt lubrica..'1t is D:-:.... -Lube. ~o more tt-..3.i'l C:le installation of a bo~t is allowed wlthout recoatlng bolt with dry-him
lubricant RB0140-007 (R,;~:etd:~e;.

Boa strengt..~ is 140, 000 psi.

,
I
I•

I
I!1teria~e

L:r~~ Seal
Interface S~e (Roci;:etdyne

CoILle::nor:. !(lnches) Usage)
i

Start Tank Initial Fill l,'2 404673-13

Start Tank Vent-:u:.d- 1 '2 404673-13
Relief Valve Draln

Stan Tank Vent Vs.lve ;'/4 404Sn-13
Control

Hydrogen Tank 1-1"2 408751
Pressurization

Oxidizer Tank 1 1'" 408751- .....
Pressurizauon

Helium Tank Fill 1:'4 404673-13

Fuel Bleed Line ' ... .'.-. 40';673-35... - J., "

n LOX Bleed Line I-1j 2 404673-35
:T
1:
.;;
" FueI Pump Drain 1'4: 404573-:3Z
?

'"• Purge Mar..ifold System 3/8 404673-13

'"e-
o:
"" (a)...
'"-> (b)<:>

...
'",<0

Flai,ge
1Thickness

a..'\c }io. and Bolt
1

I
Size of B:.lt

Bolt(a)(b)
Torque I

Bolthoies S:.ze (in-lh) I Washer

1 '..-28
1

0.500 RD) :1-1009-34XX I 60 ",5 RD153-5001-00v4,
6-9, "32 1 or equivalentI

1

O. SetO 1 '4-28 RD1 :1-1009-3-1XX I 60 ",5 RDI53-500I-0004,
6-9,'32 ) or equiv~.lent

0.500 1/4-28 RD111-1009-24XX 60 ",5 FUD1S3-5001-0004,
6-9' 32 or equivalent

O. 593 1/4-28 RDI11-1009-34..XX I 60 =5 RD153-S001-0004,
8-9 32

RD111-1009-34XX I
or eqUivalent

0.691 1./4-28 60.5 RD153-5001-0004,
8-9,:32 or equivalent ::::,

'"0.500 1, 4-28 RDlll-1009-34XX 60 ",5 RD153-5001-0004, """"6-9. 32 or eqUivalent '",

0.593 1 4-28 RDlll- 1009- J4XX 60 ",5 ?JD153-5001-0004,
8-9 '32 or equ".,.lent

0.593 , 4-28 RDI11-1C09-34XX 60.5 RD153- 5001-0004.,
0-9 32 or equivalent

0.500 1 4-28 FUD111-la09-34~ 60.5 RD153- 5001-0004,
6- 9 '32 or equivalent

I
0.500 1/4-Ze RD11l-1009-34~ j 60 ",5 FUD153-5001-0C04,
6-9 '32 or equl\'alenl



..
I '"'" I '", , Flange ",..

I ~

0 Interface Thickness , o'
Line Seal I and ~(,. and Bolt "

Interiace Size (Rocketd-:ne S~ze of Bolt
Boll (a)(b)

Toreue ~('} Connection (:.nches; Usage) I Boltboles SlZe (in-:b) Washer".

'"""" Thrust Cb.az:1r:.,=~
,

3.'8, , 404673-13 I O. seo I,' 1-28 r.uDl11-1009-S4JCK I 60 ±5 RD15S- 5001-0004.'" I
Z Jacket Purge I l:2~C} 6-9/32 I or eql~ivalent

? I I
<0 Calips Checkout Line

I
1/4 E-nut I

RD":-1O"-3"'" I<C Heat Exchanger 31 4 404673-23 I 0.531 1 '4-28 60 =5 FUD153-o001-0004.I'"' Helium Inlet (SIVB on1v) I ~ . 32 or equivalent" I ~:J

" . I

I'" I.. Oxidizer Pump Id' 1/" 404673-13 0.500 1 '4-20 RDll1-1009-34XX I 60 ±5 FUD153-500l-0004,
'" . "
-<l Primary Seal Drain\ } ! I &-9/32

,
or equivalent0

1 200 =10 I
,

Fuel Inlet Duct ~ 404656-47 I 0.625 3 ;8-24 HD111-l00~-3€XX RIll 'is- 5001-0006,

I deep or equivalent
2.0;-3 IS I I :::l

I 1200 =10 i
c..'

Oxidizer Inlet Duct S 404656-47 n .. 3/8-24- HDlll-l009-SSXX RDlS3-S00l-0006, co, .....
'"24-3, 8 or equivalent '",, ,-

SIT Stage Center Eng'.r:e: S 404656-17 I 0.500 3. 8-2.4 FUD111-1C09-3SXX 200,,10. RD153- 5001-0006,
Fuel Turbopump Inlet I ::4-13 32 or equivalent
Flange I
Sll Stage Center Engine: I 8 404656-19 I 0.45 5 c. , :w111-1009-35XX

1110 =10 I RD153-5001-0005.
Oxidizer Turbapump I deep or equivalent
L'llet Flange I 36-5 16

(a) Initial bolt 1ubrican: '5 Dry-Lube. Xo :nore than one ll,st::l.llabon of a bol' is a.:vwed ""thout recoatir.g bolt with dry-iilm
lubricant RB0140-00, (Rock.etdyne).

(b) Bolt strength is 140.000 psi.
(c) Engines incorporat:ng MD!90 change
(d) Engines inco:pc·ratJ.ng ?ID~Ol. ?>IDS02. MDS22, or ~IDS23 change

Figure 12- 5. Flu:d In,er:ace COllnectlor:. Requiren,ents (Sheet 2 of 2)

Pages 12-11 and 12-12 deleted.
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SECTION Xlil

OPlmATING INSTRUC1'IONS

13-1. Operatin[! instrUc(!OIlB (01 the .1-2 rocket
engine al'e in H-3825-lll,

Chungo No, l) .. \) June 1970

SeetiOl\ XIJI
Paraljraph 13-1

13-1/13-2



R-3B25-1

MANUAl, DATA StJPPLF.'.1E.'NTS

APPENDIX

Manual Data Supplements are issued from time
to time to communicate important and urgent
Information concerning the eqUIpment cove.-cd
In this manua I. These supplemellts bea \' all
Idfmtifying nUlllbcr and should be filed in this
Appendix.

Manual Data Supplements dlrf,etly affcct the
data in this mallual and will be Incorporated
into this llHlIlUill dlu'inl\' a future updating l!lfort.

A Mauual Data Supplcmcnt Hncord is Issued
periodically to Indicate tI", status of supplements

issued for thip, mamull. The status of each sup
plement is Indicated In the "Supplement Status'
coiumn, For active supplements, no status is
ente1'(,d. For lncorponlted supplements,
"Incorporat(~d" is entered.

\/pOII recclpt of a Mamml Data Supplement, wakc
an apprOpl'latu (('rt~l'mlCH to tiw fiuppl(llllcnt in
trw ilia '-gin ne,,! to the dala supple,n(mtcd and
entc!' thu l1urnbl'[', date, and subjPct maHer of
the supplement on the Manual Data Snpplement
\tecol'd,

MANUAl, DATA SUPPLEMENT HF.COHD

De8erlpdOil,---

,(,hiA Manual Data Sup!lll'lllont Hocol'd Indleah,,~

tho stahlH of su))plpl\wnlH iSfHWd [or Tt'chnteal
Mallual H- 3825-1. Suppll1f1lcntn that hav" lieen

Huppleml1nt
Numbet'

jnCOl'porated inlo this manua) Hhall tw removod
from the Appnndlx and de"troyed,

---_._-------_._-
SUPl'lemollt

Status

2

3

R· :W25-1- U

H.. 3825-\-'1

H-3825-1-8

16 July 1965

20 Juiy 190:,

1 S('plembel' 1965

10 Septombel' 1965

12 Oc!ulml' W65

29 Ootol)l'l' lU6~i

12 November 1905

'I Mil reh 1066

Adds pl'('Cautln'H to prot"et OSF:
cloctl'lcal ('I ,'cuiln.

AdelA I'culOval of oXldl/,(lI' turhln('
bYJHWH valve uriBeo.

Adds ,'cqulremontA fol' Installation
of IlUPl'or\s "n fluId llo<'s (SII stage,
conin!' ~~H~lnc).

Cht\n~',(J9 en~~lno Hinge slutJcAlcsl
oporating J'equll'(!tl1tllllH.

CII1IllI:0fl torque value fol' dlff'liler
hl'ilaltaUou,

Addu (1I1H~nf) t-llUl'l tanlt lHn()r~~(Jl1cy

depl'clH3urizat ion ruqui reI (J ()nt!~.

Addu HIaln ox'di:MJI' valvn actuator
tempcrahll'c \0 engine operating
llmlls.

Hcvlsos flgure 10- 8,

[IlCO l'l'oratod

J.neorplJ ,'ate"

lncol JlO ratl'f!

In eo I'pO I'lltell

hlcorpOI'atcd

IncorpUI'atvd

Incol'poratcd

Incol'portltod

Ch'lnl:e No, 9 - 9 June 1970 A·" 1



API'ENDIX R-3825-1

MANUAL DATA SUI'PLEMENT HECORD
(continued)

--------- .-------
Supplement

Number

R-3~25-1-9

H-3825-1-1O

H-3B25-1-11

H··3825-1-12

H-3825-1-13

n· 31)25-1-14

It- 3625-1-15

H-3625-1-16

H-3625-I-l'{

n,·3825-1-lU

R-3825-1··10

H-3U25-1-20

n·3825-1-21

Dated

'I March 1966

17 March 1966

28 Mard. 1986

13 ,<\prll 1~66

19 Scptcmlwr 1966

8 Decolliber 1968

5 Deoember 1088

18 Decemher 1986

21 Il,·,:"",hc,' 19116

II ,Janual'y 1007

27,Jan"ary 1067

20 Fch,'ua.'y 108'1

24 Fel)ruary 1067

Description--------
Add& reqUirements lor eledrll:al
interface cunnectors

Adds hydraulic pump Installatlon
req ui rOJllonts.

Changes valve oll"rating till"''',

Changos main oxlth:t.er valve
operating lillies.

Add!) J'cquiJ'(!ments for handlin",
installing, and removing
!)J'(wfJure-aclualed (Naflex) scals,

Adds re4ul"I!nu'nt to l"ak-test
stad lank dlscharl(c valv') Ilb10n
and piston lip f.cals,

Adds new glmballw·\rIOl( cycle
llmltallolHJ,

Changes oxldl"",· dome purue
f(:qmrQl1lenlH.

Adds requirelllenl to .,(,plac.. Ihc
lIuKmenlod ~pa['k Iv,nlt"., lin"
HlI1Jp0l'tln~t damp and hracket.

Adds require",,,nllo I"nk-lest
STDV swing gate and 10 measure
pl'fJRHUffJ ir. spark i~~nHnl' cUbhHJ.

Adds requlrenl"nt 10 plll'ge Am
chambor pl'efH1Urp 11lHtl'unlUI\tut ioll
line,

l'rovldoH Inslallatlon pl'oeedure
lor ignilion dell'elc,,' probe 500150
and rtudo rcqu lrclHcnt tn romuve
molslure (1'0'" ASI chamb.". pros
Hure IMtrulllenlntion line.

Add!! requlremenl 10 pressure
declly-teBI malnstagc OK pressul'e
switches.

Supplement
Status

Canl~clf~d

InC01'poraled

lncorpo ['aled

Incorporaled

In co 1'))0 I'auld

Inc(Jl"poratod

Incorporated

Inco rpo rated

111(:olpol'aled

Incu rpu rat eel

Heplaced by
Supplenwnl
1\-3625·1-20

Incorporated

Heph\ced by
Supplement
H·3825- 1-22

A- 2 Change No, lJ - 0 June 10'/0



Supplement
NumlJC1' Dated

n-3825-1

MANUAL DATA SUl'Pl,EMEN r HECOHD
(contllllled)

Dcscription

APPENDIX

SUjlplement
StatllA

H-3825-1-22

H-31125-1-23

H-:J825-1-?4

H-3825- 1-2"

2 March 196'1

25 AIl~st 1967

?4 Ajlril 1909

Changos requl remout for IH'l~S'Hll'e

decay-tcstlug 1ll:l1llhtage OK pI es
sun~ RW'ltchus.

Adds l)age !\llmtH.~rS to lAst pI'

Efrcet\ve Paf,e~; and changes vage
nUlJlhcl'~ 111 T.\1>le of Coutenls of
section VII.

Adds 200-:wl'ieH d•• sh numhcrH I"
and updllte," engluc cffcctiv!ty "f
ECA Inlercl""I[~"a"llllydatu..

l"IHlngoH fluid interface rcqull'f)
nl(~ntl'lo to add ref<.'rellce to
\(-~825·111 fllr ~l"rl tanl< nJ:lXilllUIll
IH'ufJ~urlzatlun rate-H.

llW01'[lO rated

Ineorpurated

IneorpOl'utcd

1m'() I'JlO I'H lc)(l

l'ay,es A- (j and A- 6 <lolet",I,

ella,nge No. 9 - 9 June 19'10 A- 3/A-4



MANUAL DA'fA SIJPPJ,fMeNT NO. R-382'i-1-26
Sheet 1 of 1 23 April 1973

This supplement afred·. the JlLtlL in 1'eehlli ,,"l Nlumn] R-3821··1. ~fllk.· a .'cfel'ence
to this supplement in the Illlll'gin next to the tlata beln/{ ollpp1e'liont,etl, '!lit,·,· the
In,'abel', <Inte. anti BubJect IJIllttPl' of th" slIl'plemcnt, on t.J". ~ll\nll1.l1 Oata SUI,plcmcnt
lloo.·o,l; and f il" th," Bu"pI emcnt In t1w Apl'0ll'U x to .11 i. ""'"l1n1.

'fhi. 8ul'p1 "mont changos tIlt, accuracy of transduoor. in the £luX i Ii a1'y Jo'I pl\okup:o.

n. 1'110 accurhcy of ,'ach paramcter ai, the outpnt of tho ''''Mine-Bllppl i,·<1
j nB'trumenta Uun By" tern wi 11 he with{ 11 ~·2. () pcrceut ina t"ml""·l\tlll'f! 1'1\111>(" of + t ',0"
to -lir;" F'. III additiou. lH'eHRu.l'c r.l'l'lI1Rthw(lrH in tlH~ Iluxiliary J;'1 pncl<l\p;(· wi I] he
\(i~,hill ±'Zj.O )1f!'l·Cf!'ut. in n t,i)llIIWl'ntuJ'(' .'ong-(· of ...6")0 t.o -tF't F,




